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Appropriate  crop  cultivars,  row  widths,  plant  populations  and 
time  of  planting  are  essential  aspects  in  developing  successful  mul- 
tiple cropping  systems.  Investigations  were  conducted  to  develop 
soybean  (Glycine  max  (L.)  Merr.)  cultivars  suitable  for  late  planting 
in  double  cropping  systems,  examine  the  effect  of  row  widths  and 
plant  populations  on  agronomic  characteristics  of  sorghum  (Sorghum 
bicolor  (L.)  Moench)  and  sunflower  (Helianthus  annuus  L.)  and  the 
possibility  of  intercropping  peanut  (Arachis  hypogaea  L.),  pigeonpea 
(Cajanus  cajan  L.  Druce)  and  sweet  potato  (Ipomoea  batatas  (L.)  Lam.) 
in  early-,  medium-  and  late-maturing  corn  (Zea  mays  L.)  at  three 
populations  at  Gainesville,  Florida,  in  1976  and  1977. 

Length  of  life  cycle,  plant  height,  lowest  pod  height  and  seed 
yield  of  soybeans  planted  on  August  3 and  6 were  less  than  July  15 
and  20  plantings.  The  period  from  planting  to  flowering  was  the  most 
important  factor  affecting  the  life  cycle  of  soybeans.  Plant  height, 
bottom  pod  height,  life  cycle  and  seed  yields  ranged,  respectively, 
from  24  to  112  cm,  0 to  33  cm,  83  to  116  days  and  820  to  4,550  kg/ha 
among  the  cultivars  in  July  and  August  plantings  in  both  years. 


ix 


Seed  yields  were  positively  correlated  with  flowering  period  ('r'  = 

0.35**  to  0.44**),  pod  filling  period  ('r'  = 0.35**  to  0.49**),  plant 

height  ('r'  = 0.25*  to  0.27*)  and  length  of  life  cycle  ('r'  = 0.34*  to 

0.37*).  Bottom  pod  height  was  directly  related  with  planting  to  flowering 

days  ( ' r 1 = 0.40**  to  0.54**),  and  plant  height  ('r'  = 0.61**  to  0.80**). 

Several  erniries  were  acceptable  for  lowest  pod  height  to  avoid  combine 

harvest  loss  in  both  July  and  August  plantings.  As  compared  to  the 

commercial  varieties  for  normal  planting,  the  entries  F73-9564,  F71-1606 

and  F72-5823  have  better  potential  for  late-July  planting  and  F74-3510, 

F74-9458  and  F74-2122  for  early-August  planting  as  a second  crop. 

With  increasing  population  of  sorghum,  LAI  and  panicle  length, 

respectively,  increased  and  decreased  significantly,  plant  height 

2 

increased  as  plant  population  increased  from  20  to  30  plants/m  and 
remained  the  same  with  further  increase  in  population.  The  grain 

2 

yield  increased  at  a rate  of  132  kg/ha  for  each  increase  of  one  plant/m 

2 

from  20  to  30  plants/m  and  then  decreased  by  2 kg/ha  for  each  further 

increase  of  one  plant/m^  (Y  = 1759  + 132X  - 2X^ ; = 0.82*).  Grain 

2 

yield  was  highest  (4,130  kg/ha)  from  30  plants/m  followed  by  3,680  kg/ha 

2 2 
from  40  plants/m  and  lowest  (3,550  kg/ha)  from  20  plants/m  . Pioneer 

B-815  and  Bird-A-Boo  II  sorghum  cultivars  required  1,700  and  1,543  GDD, 

respectively,  for  completing  their  life  cycles. 

The  plant  height  and  LAI  of  sunflower  increased  significantly  from 

2 2 
163  cm  and  3.35  at  4 plants/m  to  83  cm  and  7.49  at  8 plants/m  , 

respectively,  with  'r'  values  of  0.75**  and  0.94**.  Seed  yield  (2,750 

kg/ha)  was  highest  at  the  highest  population.  Yields  were  increased  by 

2 

167  and  122  kg/ha,  respectively,  for  each  increase  of  one  plant/m  and 
one  unit  of  LAI  with  ' r'  values  of  0.66**  and  0.85**.  The  diameter  of 


x 


stem  and  head  and  100-seed  weight  sharply  decreased  from  2.62  and  21  cm 

2 

and  5.14  gm  at  4 plants/m  to,  respectively,  1.96  and  15  cm  and  4.34 

2 

gm  at  8 plants/m  with  'r'  values  of  -0.84**,  -0.96**  and  -0.64** 
between  them  indicating  a serious  intraspecific  competition.  Inter- 
state 891  produced  the  highest  yield  (2,670  kg/ha)  as  well  as  highest 
total  oil  (1,220  kg/ha).  Oil  of  all  cultivars  contained  91%  unsatu- 
rated fatty  acids.  Neither  the  row  width  nor  its  interaction  with 
population  had  any  significant  effect  on  sunflower  and  sorghum  yield. 

Intercrops  did  not  affect  corn  yields.  Increasing  plant  popu- 

2 

lation  from  2.4  to  4.8  plants/m  promoted  yield.  McNair  508  produced 

2 

most  (7,240  kg/ha)  at  4.8  plants/m  followed  by  Pioneer  3369A  (7,150 

2 2 
kg/ha)  at  4.8  plants/m  and  Pioneer  3780  (6,970  kg/ha)  at  7 . 2 plants/m 

with  no  difference  among  them.  Yields  of  all  intercrops  were  low 

indicating  the  tremendous  shading  effect  of  corn  on  them.  Forage 

and/or  seed  yields  of  intercrops  were  usually  highest  in  early  maturing 

corn  at  lowest  population.  Peanut  yields  were  reduced  from  3,360  kg/ha 

as  pure  stand  to  600  kg/ha  as  intercrop  whereas  sweet  potato  yields 

decreased  from  12,700  kg/ha  to  2,230  kg/ha.  The  beginning  of  flowering 

in  all  intercrops  was  delayed  from  three  to  five  weeks  as  compared  to 

pure  stands.  Most  of  the  intercrop  plants  etiolated  greatly  at  high 

corn  population. 

Selected  cultivars  of  peanut  and  pigeonpea  can  be  interplant ed  in 
early-  and  medium-maturing  corn  at  plant  populations  up  to  4.8  plants/m  . 
Double  cropping  offers  greater  possibilities  for  increasing  production 
per  unit  of  land  than  does  intercropping  but  it  needs  longer  time. 


xi 


INTRODUCTION 


The  world  population  growth  rate  is  alarming.  The  food  shortage 
in  many  parts  of  the  world  is  critical.  It  is  estimated  that  one  out 
of  six  persons  in  the  world,  mostly  in  the  developing  countries  which 
account  for  70  percent  of  the  present  world  population,  is  under- 
nourished (Wharton,  1977).  Meeting  this  critical  food  shortage  is  a 
big  challenge  for  mankind  at  the  present  time.  The  world  agronomists 
are  greatly  concerned.  Consequently,  The  American  Society  of  Agronomy 
organized  several  symposia  recently  with  the  themes  "Maximum  crop 
yields  - the  challenge"  in  1967  (ASA,  1967),  "Moving  off  the  yield 
plateau"  in  1970  (ASA,  1971),  "All-out  food  production"  in  1974  (ASA, 
1975)  and  with  a renewed  interest  "Agronomists  and  food:  contributions 

and  challenges"  in  1976  (ASA,  1977).  However,  the  possibility  of 
bringing  more  land  area  into  food  crops  for  increasing  food  production 
in  the  future  is  very  bleak  in  many  countries,  particularly  in  Asia 
where  the  problem  is  more  acute.  Probably  the  best  alternative  is 
to  increase  production  per  unit  area  per  day  by  improved  management 
practices  in  an  intensive  cropping  pattern  such  as  multiple  cropping 
where  climatic  conditions  permit.  Multiple  cropping  is  the  cropping 
system  of  growing  more  than  one  crop  on  the  same  land  in  a year 
(Harwood,  1973). 

farmers  have  been  using  multiple  cropping  for  thousands  of  years. 
Researchers  have  investigated  the  effects  of  crop  rotation  and  sequence 
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of  crops  on  total  productivity  for  many  years.  The  modern  concepts 
of  multiple  cropping,  however,  are  new.  The  new  concepts  are  to  apply 
modern  technology  in  the  utilization  of  land,  labor,  solar  radiation, 
water  and  time  to  achieve  astounding  levels  of  food  production. 
According  to  Bradfield  (1970),  the  most  important  thing  in  multiple 
cropping  is  to  minimize  the  number  of  days  the  land  is  idle  during 
the  year.  Selection  of  suitable  genotypes  as  well  as  phenotypes  is 
the  first  and  most  important  step  in  developing  cropping  systems  for 
particular  soil  and  climatic  conditions.  Francis  et  al.  (1976)  sug- 
gested that  varieties  to  be  recommended  for  multiple  cropping  be 
screened  separately  from  those  for  monoculture.  Finlay  (1974a)  indi- 
cated some  doubt  that  the  best  cultivars  for  monocropping  are  also 
the  best  for  multiple  cropping.  Genetic  differences  in  growth  habits, 
plant  types,  flowering  and  fruiting  characteristics,  life  cycle  and 
yield  potentials  are  highly  variable  among  crop  species  as  well  as 
among  the  cultivars  of  the  same  species.  A cultivar  may  be  excellent 
for  monoculture  within  a time  frame  at  a particular  spacing  but  not 
at  all  suitable  to  fit  into  a multiple  cropping  system.  Early 
maturing  cultivars  with  substantial  yield  potential  are  highly  desir- 
able in  multiple  cropping  particularly  where  the  growing  season  is 
limited  by  temperature,  moisture  or  any  other  climatic  factors 
(Herrera  and  Harwood,  1973).  Adjustment  of  planting  time,  plant 
population  and  management  techniques  are  all  important  in  a multiple 
cropping  system  (ASPAC,  1974).  Inter-  and  intraspecific  interference 
(competition)  between  plant  populations  can  have  a stimulating  as 
well  as  a hindering  effect  (Harper,  1964). 
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Most  of  the  tropical  countries  with  their  high  population  and 
small  farms,  improver ished  farmers  and  inadequate  diets,  have  re- 
sources of  solar  radiation,  land  and  water,  which  are  not  fully 
exploited  under  the  prevailing  systems  of  management.  If  practical 
methods  for  using  these  resources  more  efficiently  can  be  developed, 
food  production  can  be  increased,  and  their  standard  of  living  raised. 
Aside  from  production,  multiple  cropping  is  particularly  advantageous 
for  small  farmers,  because  it  involves  less  risk  than  does  mono- 
culture (Norman,  1970).  Therefore,  the  development  of  labor-intensive 
forms  of  multiple  cropping  will  increase  food  production,  reduce 
rural-urban  migration  and  expand  the  purchasing  power  of  low  income 
farmers  as  a fundamental  .to  long  range  national  development  (Dorner 
and  Felstehausen , 1970). 

The  high-yielding,  short  season  varieties  of  food  crops,  such  as 
rice,  wheat,  corn,  soybean,  sorghum  and  peanut,  recently  developed  by 
plant  breeders,  provide  an  obvious  opportunity  to  increase  cropping 
intensities  in  the  tropics  and  subtropics.  Research  results  at 
various  locations  in  South  and  Southeast  Asia  offer  solid  evidences 
that  it  is  possible  to  develop  management  practices  that  will  double 
and  in  some  cases  triple  the  number  of  crops  that  can  be  successfully 
grown  annually.  The  quick  turnaround  between  the  harvest  of  one  crop 
and  the  planting  of  the  next  has  contributed  in  large  measure  to  the 
success  of  crop  intensification,  particularly  through  double  cropping, 
in  China  (Brady,  1977).  Double  cropping  and  Intercropping  with  early- 
maturing  cultivars  are  likely  to  use  environmental  resources  more 
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efficiently  than  monoculture  particularly  in  subtropical  regions 
where  the  length  of  warm  growing  season  is  limited  by  low  temperature. 

The  variable  and  in  some  cases  peculiar  characteristics  of 
plants  of  different  food  crop  species  call  for  intensive  studies 
in  developing  multiple  cropping  systems  for  different  geographic  and 
climatic  regions.  Sorghum,  having  an  amazing  capacity  of  tillering, 
can  produce  equally  high  yields  over  a great  range  of  plant  popu- 
lation. Sunflower,  being  highly  phototropic,  has  a peculiar  process 
of  nutation  which  suggests  that  it  would  use  the  solar  radiation 
more  efficiently  than  others  in  a mixture  of  plant  species.  The 
growth  habits,  branching  pattern,  leaf  distribution,  height  and 
rooting  are  quite  different  in  corn,  sorghum,  soybean,  sunflower, 
peanut,  sweet  potato  and  pigeonpea.  These  attributes  along  with  the 
fact  that  their  critical  life  cycles  may  not  overlap  in  mixed  and 
intercropping,  offer  promise  for  more  effective  use  of  the  soil  and 
atmospheric  resources  in  multiple  cropping.  But  the  available  infor- 
mation from  research  to  date  on  the  management  of  multiple  cropping 
is  too  fragmented.  Much  needs  to  be  learned  about  planting  dates, 
row  spacing,  and  population  density  for  the  various  crop  combinations 
as  well  as  developing  new  combinations  not  presently  used  by  farmers. 
Plant  breeders  have  traditionally  focused  their  efforts  towards 
improving  yields  of  single-crop  stands.  Appropriate  cultivars  of 
various  crops  must  be  developed  both  by  breeding  anew  and  screening 
from  the  existing  ones  for  use  in  very  early  and  late  plantings 
as  well  as  in  various  forms  of  multiple  cropping. 


Investigations  were  initiated  to  (1)  select  suitable  soybean 
cultivars  for  use  as  a late-planted  second  crop  in  a warm  season 
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double  cropping  system,  (2)  study  the  influence  of  row  widths  and 
plant  populations  on  the  seed  yields  and  yield  components  of  sorghum 
and  sunflower,  and  (3)  check  the  possibility  of  intercropping  peanut, 
pigeonpea  and  sweet  potato  in  early-,  medium-,  and  late-maturing 
corn  hybrids  at  three  plant  populations  under  high  levels  of  mechan- 
ization in  a series  of  experiments. 


LITERATURE  REVIEW 


Multiple  Cropping  Systems  in  the  Tropics 
Multiple  cropping  has  been  defined  as  the  intensification  of 
cropping  in  time  and  space  dimensions  and  growing  two  or  more  crops 
on  the  same  field  in  a year  (Andrews  and  Kassam,  1976).  The  history 
of  multiple  cropping  is  not  clearly  known.  Dalrymple  (1971)  reported 
that  the  development  of  double  cropping  in  Babylon  (in  Iraq  where 
civilization  began)  and  Egypt  closely  paralleled  the  growth  of  irri- 
gation systems  which  started  4,000  to  6,000  years  ago  in  the  Tigris- 
Euphrates  river  deltas  in  Babylon  and  3,000  to  5,000  BC  along  the 
Nile  river  in  Egypt.  He  also  indicated  from  the  historical  evidences 
that  multiple  cropping  started  3,000  BC  in  India,  1,012  AD  in  China 
and  in  the  13th  century  in  Japan.  In  the  early  and  mid-20th  century 
King  (1927)  and  Iso  (1954)  gave  detailed  accounts  of  multiple  cropping 
systems  in  China,  Korea,  Japan  and  Taiwan.  The  history  of  multiple 
cropping  is  old  but  the  modern  concepts  of  multiple  cropping  under 
improved  technology  are  new.  The  various  forms  of  multiple  cropping 
do  not  occur  haphazardly,  but  rather  follow  geographical  and  energy 
gradients.  The  most  complex  and  intense  forms  of  intercropping  occur 
in  areas  where  temperature  and  moisture  do  not  limit  growth  during 
most  of  the  year.  As  temperature  and  moisture  become  more  limiting 
with  increasing  altitude  and/or  decreasing  rainfall,  multiple  cropping 
patterns  shift  to  sequential  cropping  (Ruthenberg , 1976).  Multiple 
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cropping  is  also  more  intense  where  power  sources  are  largely  human 
or  animal,  such  as  the  small  farms  in  the  tropics.  It  is  less  pre- 
valent in  capital  and  energy-intensive  systems  typical  of  U.  S. 
agriculture.  The  most  complex  and  sophisticated  forms  of  inter- 
cropping are  practiced  on  farms  ranging  from  5 ha  of  arable  land 
to  less  than  7 ha  (Sanchez,  1976).  Moomaw  and  Hedley  (1971)  dis- 
cussed the  salient  features  of  cropping  systems  throughout  the 
tropics. 

The  classification  of  different  forms  of  multiple  cropping  with 
their  definitions  according  to  Dalrymple  (1971),  Harwood  (1973)  and 
Andrews  and  Kassam  (1976)  appears  below: 

I.  SEQUENTIAL  CROPPING:  Growing  two  or  more  crops  per  year  in 

sequence  on  the  same  field.  Crop  intensification  is  only  in 
time  dimension. 

1.1  Double  cropping:  Growing  two  crops  a year  in  sequence. 

1.2  Triple  cropping:  Growing  three  crops  a year  in  sequence. 

1.3  Quadruple  cropping:  Growing  four  crops  a year  in  sequence. 

1.4  Ratoon  cropping:  The  cultivation  of  crop  regrowth  after 

harvest,  although  not  necessarily  for  grain. 

II.  INTERCROPPING:  Growing  two  or  more  crops  simultaneously  on  the 

same  field.  Crop  intensification  is  in  both  time  and  space 
dimensions. 

2.1  Mixed  cropping:  Growing  two  or  more  crops  simultaneously 

with  no  distinct  row  arrangement. 

Row  intercropping:  Growing  two  or  more  crops  simultaneously 

where  one  or  more  crops  are  planted  in  rows. 


2.2 


8 


2.3  Strip  intercropping:  Growing  two  or  more  crops  simultaneously 

in  different  strips  wide  enough  to  permit  independent  culti- 
vation, but  narrow  enough  for  the  crops  to  interact  agronomi- 
cally . 

2.4  Relay  intercropping:  Growing  two  or  more  crops  simultaneously 

during  part  of  the  life  cycle  of  each.  A second  crop  is 
planted  after  the  first  crop  has  reached  its  reproductive 
stage  of  growth  but  before  it  is  ready  for  harvest. 

Based  on  the  interactions  among  component  crops  in  multicropping, 
Hart  (1974)  classified  multiple  cropping  systems  as  follows: 

Commensal istic  polyculture:  The  interaction  between  crop  species 

has  a positive  net  effect  on  one  species  and  no  observable  effect 
on  the  other  species. 

Amensalistic  polyculture:  The  interaction  between  crop  species 

has  a negative  effect  on  one  species  and  no  observable  effect 
on  the  other  species. 

Monopolistic  polyculture:  The  interaction  between  crop  species 

has  a positive  net  effect  on  one  species  and  a negative  net 
effect  on  the  other  species. 

Inhibitory  polyculture:  The  interaction  among  crop  species  has  a 

negative  effect  on  all  species. 

Various  other  widely  used  terms  related  to  cropping  systems  are 
defined  (according  to  Ruthenberg,  1976, and  Andrews  and  Kassam,  1976) 


as  follows: 
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Sole  cropping:  One  crop  variety  grown  alone  in  pure  stands 

at  normal  density.  Synonymous  with  solid  planting;  opposite 
of  intercropping. 

Monoculture:  The  repetitive  growing  of  the  same  crop  on  the 

same  land. 

Cropping  pattern:  The  yearly  sequence  and  special  arrangement 

of  crops  or  crops  and  fallow  on  a given  area. 

Cropping  system:  The  cropping  patterns  used  on  a farm  and 

their  interaction  with  farm  resources,  other  farm  enterprises, 
and  available  technology  which  determine  their  makeup. 

Mixed  farming:  Cropping  systems  which  involve  the  raising  of 

crops,  animals,  and/or  trees. 

Cropping  index:  The  number  of  crops  grown  per  annum  on  a given 

area  of  land  x 100. 

Land  Equivalent  Ratio  (LER) : The  ratio  of  the  area  needed  under 

sole  cropping  to  one  of  intercropping  at  the  same  management  level 
to  give  an  equal  amount  of  yield.  LER  is  the  sum  of  the  fractions 
of  the  yields  of  the  intercrops  relative  to  their  sole  crop  yields, 
ihe  socio-economic  conditions  leading  to  intensive  multiple  cropping 
in  the  tropics  are  round— the— year  hospitable  climate  for  growing  crops, 
small  and  fragmented  farms,  poor  farmers,  abundance  of  human  resources 
(underemployment),  lack  of  alternate  employment  opportunity,  and 
shortage  of  food.  The  intensification  of  land  and  labor  utilization 
through  intensive  multiple  cropping  systems  is  a promising  alternative 
for  increasing  food  production  and  employment  in  rural  areas,  the 
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sector  where  the  problems  of  low  income  and  malnutrition  are  most 
acute  (Gomez,  1974).  The  socio-economic  conditions  are  further 
aggravated  in  the  absence  of  industrial  development.  Ruthenberg 
(1976)  also  indicated  that  under  conditions  of  land  shortage  and 
ample  labor  supply,  different  forms  of  mixed  cropping,  phased 
planting  and  overlapping  cycles  of  vegetation  seemed  to  be  compat- 
ible with  improved  farming  provided  row  cultivation  is  practiced. 

Krantz  et  al.  (1976)  found  that  risk  reduction  in  unfavorable  years, 
more  profitable  and  more  stable  production  in  both  good  and  bad 
years,  improved  soil  fertility  management  by  intercropping  legumes 
and  nonlegumes,  conservation  of  the  soil  through  improved  cover 
conditions  and  efficient  labor  distribution  are  the  main  reasons 
for  adapted  multiple  cropping  in  the  tropics.  In  another  study 
(1974)  they  found  that  multiple  cropping  with  its  quicker,  greater 
and  longer  crop  cover  offers  a better  and  stable  yield-producing 
system.  Conway  and  Romm  (1972)  stated  that  diversified  cropping 
systems  can  be  designed  which  control  pests  and  diseases  by  their 
internal  dynamics  by  manipulating  the  agroecosystems.  Litsinger 
and  Moody  (1976)  concluded  that  crop  diversity  in  close  proximity 
is  crop  protection.  The  above  evidences  are  enough  to  justify  the 
popularity  of  multiple  cropping  systems  in  the  tropics. 

Various  multiple  cropping  systems  with  different  cropping  in- 
tensity, influenced  by  climate,  soil,  market  and  social  factors, 
are  found  in  the  tropics.  Dalrymple  (1973)  found  that  the  country 
averages  for  cropping  intensity  or  land  equivalent  ratio  ranges 
from  1.1  in  Burma  to  1.84  in  Taiwan.  Lunan  (1950)  reported  various 
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multiple  cropping  systems  with  cassava,  sweet  potato,  chickpea  and 
wheat  in  Africa.  Sierra  Leone  (1955)  indicated  multiple  cropping 
systems  with  cowpea,  yam,  rice  and  cassava  as  mixed  crops  in  complex 
mounds,  ridges  and  furrows.  Pinchinat  et  al.  (1976)  observed  corn, 
various  beans,  cassava,  cacao  and  coffee,  banana  and  legumes  in 
year-round  multiple  cropping  systems  in  tropical  America.  However, 
in  Asia  multiple  cropping  systems  are  based  on  rice  as  the  principal 
crop.  Streeter  (1972)  reported  that  from  a five-crop  rotation,  two 
tons  of  rice,  ten  tons  of  sweet  potato,  one  ton  of  soybean  grain, 
18,000  ears  of  sweet  corn  and  6,000  pounds  of  green  soybean  pods 
were  produced  on  one  acre  in  a year  in  the  Philippines.  The  original 
author  of  this  research,  Bradfield  (1972)  claimed  that  the  dollar 
return  was  $3, 150/ha  from  the  above  five-crop  rotation.  One-fourth 
of  that  value  was  for  the  sweet  corn  ears  which  are  perishable  and 
generally  not  liked  by  Asian  peoples.  1RRI  (1972)  reported  that 
26  t/ha  of  rough  rice  from  four  sequential  rice  crops  was  obtained 
in  335  days.  Considering  this  period  as  a full  year,  the  production 
per  day  was  71  kg  of  rough  rice.  The  amount  of  milled  rice/day 
was  46  kg  at  65%  milling  recovery.  This  amount  of  milled  rice  can 
meet  the  daily  cereal  grain  requirement  of  more  than  200  people 
at  the  international  standard  of  236  gm/day/person.  It  looks 
extremely  attractive  in  solving  the  food  problem  of  the  hungry 
nations  in  the  tropics.  On  the  other  hand,  huh  (1969)  found  through 
a survey  that  as  many  as  9 crops  per  year  are  raised  by  vegetable 
farmers  in  Hong  Kong  and  Vietnam. 
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The  agroecosystem  in  the  humid  tropics  has  been  characterized 
by  Harris  (1972)  as  having  diverse  assemblage  of  crops  in  poly- 
cultural  pattern  of  structural  and  functional  interdependence. 
Holdridge  (1959)  proposed  that  one  potentially  successful  tropical 
agroecosystem  strategy  might  be  to  plant  a 'mixed  culture'  simulating 
as  far  as  possible  the  natural  process  of  succession  of  vegetation, 
as  found  in  undisturbed  natural  forest.  Asian  small  farms  are 
characterized  by  a diversity  of  crops,  animals  and  off-farm  enter- 
prises which  contribute  to  the  cash  flow  of  the  farming  system  and 
a homestead  production  area  which  is  aimed  primarily  at  farm  family 
comfort  and  subsistence  (Harwood  and  Price,  1976).  The  area  around 
the  house  or  farmyard  is  normally  planted  to  a wide  assortment  of 
crops  which  not  only  offer  shelter  and  privacy  but  also  contribute 
diversity  and  quality  to  the  diet  of  the  farm  family.  The  plant 
components  of  the  system  generally  consist  of  5-6  tall-growing  tree 
species  (coconut  or  other  fruit),  5-6  medium-height  tree  species, 

5-6  bush  or  shrub  species,  4-5  root  crops  and  up  to  30  shade-tolerant, 
short  statured  or  vine-type  annuals.  This  is  a typical  cropping 
system  in  the  homestead  in  Bangladash,  India  and  many  other  Asian 
countries . 

lhe  systems  availabl  e for  multiple  cropping  in  the  tropics  are 
numerous.  Basically  any  cropping  system  is  designed  to  control  and 
make  use  of  the  environemtnal  resources  as  efficiently  as  possible. 
Again,  considering  the  visible  radiation,  extra  days  gained  from  a 
cropping  system  mean  extra  energy  for  utilization  in  this  energy 


short  world. 
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Component  Crops  in  Multiple  Cropping 

The  compatibility  of  different  crop  species  determines  the 
potentials  of  the  species  to  become  component  crops  in  multiple 
cropping  systems.  The  compatibility  is  measured  or  judged  by  the 
growth  habits,  canopy  structures,  life  cycles  and  competition  for 
light,  water,  nutrients  and  other  essentials  for  growth.  Miller 
(1969)  defined  the  competition  as  "the  active  demand  by  two  or  more 
individuals  of  the  same  species  (intraspecific  competition)  or  by 
members  of  two  or  more  species  (interspecific  competition)  for  a 
common  resource  that  is  actually  limitxng.  Haizel  and  Harper  (1973) 
studied  the  effect  of  population  density  in  a series  of  experiments 
with  mixtures  of  barley,  oats  and  mustard  and  found  that  doubling 
the  density  of  an  introduced  crop  did  not  double  the  damage  to  the 
crop  already  present.  An  exception  to  the  generalization  that  the 
negative  effect  of  interspecific  competition  was  found  with  oat 
interplanted  in  barley  and  mustard.  Mann  and  Barnes  (1953)  studied 
the  effect  of  plant  density  in  clover  and  ryegrass  mixture  (poly- 
culture) and  found  that  increasing  the  density  of  clover  by  300% 
reduced  the  density  of  ryegrass  by  only  40%.  Summarizing  the 
research  of  many  investigators,  Odum  (1969)  classified  interaction 
between  a two-species  population  as  negative,  neutral  or  positive 
according  to  the  effect  of  interaction  on  individual  species. 

The  nature  of  crop  competition  and  compatibility  was  studied 
by  many  researchers.  Blackman  and  Templeman  (1970)  having  observed 
the  interaction  between  barley  and  weeds  suggested  that  light  becomes 
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a limiting  factor  when  high  levels  of  nitrogen  are  applied.  Donald 
(1963)  observed  that  when  water  and  nutrients  are  not  limiting, 
light  becomes  the  limiting  factor  and  growth  of  the  shaded  short 
plant  is  depressed.  A smaller  root  system  results,  further  limiting 
the  capacity  of  the  shorter  crop  to  compete  for  water  and  minerals. 

The  weaker  competitor  may  not  be  able  to  absorb  elements  that  fall 
below  certain  threshold  levels  because  of  their  accelerated  removal 
by  the  stronger  competitor.  If  moisture  becomes  limiting,  the 
shaded  plants  may  have  better  growth  because  the  plants  are  under 
less  moisture  stress.  He  also  concluded  that  the  yield  of  a mixture 
will  usually  be  lower  than  the  highest  yielding  crop  in  a monoculture, 
higher  than  the  lowest  yielding  crop  in  a monoculture  and  may  be 
greater  or  less  than  the  mean  yield  of  all  the  crops  planted  in 
monocultures.  Kaserer  (1911)  noted  that  there  is  little  or  no  inter- 
penetration of  plant  roots  of  the  same  species  when  they  are  grown 
together,  whereas  a significant  degree  of  root  interpenetration 
takes  place  when  two  different  species  are  grown  in  close  association; 
the  degree  of  interpenetration  increased  with  the  degree  of  dissimi- 
larities among  the  species.  In  one  experiment,  a legume  and  nonlegume 
showed  maximum  root  interpenetration  with  the  explanation  apparently 
being  that  one  species  takes  up  the  nutrients  made  available  by  the 
other  if  the  crops  are  complementary. 

Leaf  canopy  distribution  in  multiple  cropping  is  extremely 
important  in  effective  utilization  of  radiant  energy.  Williams 
and  Joseph  (1970)  discussed  the  pattern  of  crop  canopy  development 
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in  mixed  cropping  systems.  Herrera  and  Harwood  (1973)  stated  that 
the  most  successful  combinations  used  in  multiple  cropping  should 
be  crops  having  widely  different  leaf  canopies,  that  is,  short  crops 
growing  under  taller  ones  creating  different  strata  of  leaf  concen- 
tration giving  a more  efficient  utilization  of  incident  light.  Chang 
(1974)  indicated  that  different  leaf  canopies  in  multiple  cropping 
would  build  up  a rough  canopy  architecture  allowing  good  wind 
turbulence  resulting  in  good  distribution  of  C02  for  the  photosyn- 
thetic process  and  hence  would  increase  the  dry  matter  production. 
Based  on  results  with  crop  mixtures  involving  sorghum,  corn  and 
> Baker  (1975)  concluded  that  the  greater  the  differences 
between  days  to  maturity  of  the  associated  crops  the  greater  was 
the  gain  from  crop  mixing.  Lingegouda  (1972)  suggested  that  two 
species  of  morphologically  and  physiologically  contrasting  habit 
would  together  be  able  to  exploit  the  total  environment  more  effec- 
tively than  monoculture.  In  India,  Reddi  and  Reddy  (1976b)  found 
that  peanut  grown  between  two  rows  of  sorghum  had  the  least  compet- 
itive effects. 

An  extensive  review  on  component  crops  in  multiple  cropping  was 
done  by  Hart  (1974).  He  reported  rubber  with  corn,  sorghum,  peanut, 
soybean,  cassava,  rice,  castor;  oil  palm  with  yam,  corn,  sorghum, 
peanut,  soybean;  coffee  with  banana,  sugarcane,  cacao,  black  pepper; 
cotton  with  corn,  bean,  peanut,  okra,  rice;  sugarcane  with  soybean, 
peanut,  broadbeau,  onion,  cowpea,  mungbean,  sweet  potato,  rice, 
corn,  white  potato;  corn  with  peanut,  cowpea,  bean,  soybean,  millet, 
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forage  grasses,  sorghum  with  soybean,  cowpea,  bean;  rice  with  mungbean, 
cowpea,  chickpea,  sweet  potato,  soybean;  coconut  with  cacao,  pineapple, 
papaya,  various  legumes  and  forage  grasses;  citrus  with  grain  legumes 
as  component  crops  in  multiple  cropping  in  humid  tropics.  Arnon 
(1972)  indicated  that  the  popularity  of  legume  intercrops  is  shown 
by  the  fact  that  98%  of  cowpea  and  the  most  important  legumes  in 
Africa  are  grown  in  association  with  other  crops.  More  than  90%  of 
the  bean  crop  in  Colombia  is  grown  in  association  with  maize,  potato 
and  other  crops  (Francis  et  al. , 1976). 

Wiiitty  et  al.  (1978)  suggested  that  sunflower  may  fit  into  a 
multiple  cropping  system  in  Florida  where  February  planted  sunflower 
can  be  followed  by  soybean,  sorghum,  cowpea  or  some  other  summer 
planted  crops.  August  planted  sunflowers  could  follow  corn,  sorghum 
or  other  spring  planted  crops.  Willey  and  Osiru  (1973)  studied  mix- 
tures of  maize  and  bean  at  different  proportions  of  plant  populations. 
Yields  of  the  mixture  were  33%  higher  than  could  be  achieved  by 
growing  the  crops  separately.  It  was  concluded  that  the  mixtures 
achieved  a greater  utilization  of  environmental  resources,  particularly 
solar  radiation.  At  IRRI  (1974b)  corn  and  upland  rice  combinations 
were  consistent  in  their  higher  yields,  giving  a 50%  advantage  at 
optimum  row  spactngs  and  plant  populations.  Corn  and  peanut  were 
similarly  productive  over  a range  of  planting  arrangements  on  small 
labor-intensive  farms.  Within  the  socio-economic  framework  of  small 
farms  with  limited  power  for  tillage  and  little  cash  for  inputs,  it 
was  found  that  growing  two  or  more  compatible  crops  simultaneously 
in  alternate  rows  is  often  more  profitable. 
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Intercropping 

Intercropping  is  an  increasingly  popular  practice  for  producing 
more  food  in  many  areas  in  the  tropics  where  the  pressure  on  arable 
land  is  very  high  due  to  increasing  population.  It  is  a labor- 
intensive  cropping  system  generally  practiced  with  the  availability 
of  abundant  cheap  labor  and  under  low  level  of  mechanization  (Ruthenberg, 
1971).  The  advantages  of  such  a cropping  system  as  advocated  by 
many  authorities  are  that  it:  (1)  increases  food  production  per 

unit  land  area  as  compared  to  sole  crop  (Harwood  and  Kassam,  1976; 

Agbooia  and  Fayemi,  1971),  (2)  reduces  pest  problems  (Litsinger  and 
Moody,  1976;  IRRI,  1973)  and  (3)  minimizes  the  risk  of  crop  failure 
of  monocrop  (Andrews  and  Kassam,  1976).  After  surveys  in  Nigeria, 

Norman  (1975)  concluded  that  risk  insurance  is  an  important  reason 
why  intercropping  is  practiced.  Moreover,  the  rationale  of  mixed 
cropping  was  evident  not  only  because  of  increased  return  but  also 
because  of  more  efficient  utilization  of  labor.  In  addition,  inter- 
cropping  provides  a balanced  diet  by  furnishing  diversified  food 
crops.  It  is  particularly  advantageous  where  the  growing  season 
is  too  short  for  production  of  two  crops  in  a sequential  cropping 
system.  In  intercropping,  competition  between  species  for  available 
light,  water  and  nutrients  must  be  lower  than  competition  between 
plants  of  the  same  species  in  single  stands  (Trenbath,  1976).  The 
yield  advantage  from  intercropping  resulted  from  more  efficient  use 
of  environment  and  also  from  the  possibility  of  increasing  the  total 
population  pressure  of  the  crops  involved  (Osiru  and  Willey,  1972) . 
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In  a corn-soybean  intercrop  study  at  IRRI  (1974a),  corn  yielded 
5.28  t/ha  and  the  soybean  yielded  0.85  t/ha.  Under  identical  manage- 
ment, the  monoculture  yields  were  5.52  t/ha  for  corn  and  2.33  t/ha 
for  soybean.  The  ratios  of  intercrop  yields  to  monoculture  yields 
were  0.96  for  corn  and  0.36  for  soybean.  The  sum  was  1.32.  Total 
productivity  was  thus  32%  higher  and  the  land  equivalent  was  1.32 
hectares.  Traditional  intercropping  systems  with  corn  using  mungbean, 
soybean,  sweet  potato,  peanut  or  upland  rice  were  30  to  60%  more 
productive  with  good  management  and  up  to  100%  more  productive  as 
various  factors  became  limiting.  Studies  on  plant  interrelationships 
showed  that  the  balance  of  saturated  systems  depended  on  plant 
populations  while  productivity  was  affected  by  level  of  management 
and  crop  arrangement.  Insect  relationships  in  traditional  patterns 
continued  to  show  a high  level  of  natural  stability.  In  another  study 
at  IRRI  (1975),  corn  was  intercropped  at  a population  of  4 plants/m2. 
The  corn-alone  check  was  6 plants/m2.  Sweet  potato  was  5.3  plants/m2 
both  in  corn  and  alone.  When  intercropped  corn  was  left  for  more 
than  35  days,  the  total  number  of  roots  of  potato  decreased.  If 
corn  was  left  longer  than  65  days,  little  further  reduction  in  root 
numbers  was  observed.  Thus  root  number  seemed  to  be  determined 
before  65  days  of  age,  after  which  few  new  roots  were  formed,  even 
alter  removal  of  corn.  At  high  levels  of  nitrogen  corn  yields  were 
high,  but  sweet  potato  remained  vegetative  with  reduced  root  growth. 

To  test  the  hypothesis  that  an  intercrop  is  agronomically  more 
stable  than  a monoculture  of  the  same  crop,  corn  and  peanut  were 
intercropped  under  simulated  plant  loss  and  defoliation  at  different 
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times  and  severity  (Liboon  et  al. , 1976).  In  both  crops,  damage 
reduced  the  yields  of  the  crops  for  all  treatments.  Damage  to 
peanuts  affected  the  yield  of  corn.  When  corn  was  slightly  damaged 
and  peanuts  severely  damaged,  the  corn  yield  increased  slightly. 

At  all  growth  stages  severe  damage  to  corn  increased  peanut  yields 
significantly.  This  indicates  that  the  lower  canopy  had  a greater 
potential  to  compensate  for  damage  of  the  upper  canopy  than  had  the 
upper  canopy  for  damage  to  the  lower  canopy.  Alternating  either 
four  40-inch  rows  or  six  24-inch  rows  of  corn  and  soybeans  resulted 
in  approximately  20%  increase  in  corn  yields  but  a 20%  decrease  in 
soybean  yields  when  compared  to  yields  from  a similar  area  of  solid 
plantings  of  the  two  crops  (Pendleton  et  al.,  1963).  The  greater 
part  of  this  difference  was  due  to  the  grain  production  from  the 
border  rows  immediately  adjacent  to  the  other  crop.  This  indicates 
the  wisdom  of  the  familiar  2 rows  corn  and  2 rows  of  cowpea  all  over 
the  southern  USA  in  the  1920' s and  1930's.  Twenty-four  inch  row 
spacings  were  superior  to  40-inch  row  spacings  in  both  crops. 

Spencer  and  Russell  (1959)  reported  that  at  the  low  corn  population 
(2,700  plants/acre) , there  was  a clear  superiority  in  yields  of  corn 
and  peanut  on  the  intercropped  plots  at  all  peanut  populations  in 
the  range  of  22,400  to  44,800  plants/acre.  At  the  medium  corn 
population  (7,500  plants/acre),  intercropping  greatly  increased  corn 
yields  at  high  peanut  population.  At  the  high  corn  population  (11,200 
plants/acre) , there  was  a geneal  reduction  in  yields  of  both  crops 
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except  for  corn  grown  with  a low  population  of  peanut.  Intercropping 
peanut  and  sorghum  was  greatly  superior  to  growing  pure  stands  except 
that  the  low  population  of  sorghum  (11,200  plants/acre)  yielded  less 
with  a medium  population  of  peanut  than  in  a pure  stand. 

Intercropping  studies  under  optimum  technology  indicated  sub- 
stantial (50%  or  more)  yield  increases  from  various  combinations  of 
alternate  row  intercropping  as  compared  to  those  of  separate  sole 
crop  culture  (Evans,  1969;  Andrews,  1972;  Harwood,  1973).  According 
to  Kung  (1975),  rice  is  interplanted  with  tobacco,  jute,  sweet  potato 
or  soybean;  cotton,  peanut  and  soybean  are  planted  between  wheat  rows. 
Cotton  is  intercropped  with  peanut,  sweet  potato  and  corn  in  India 
(Varma  and  Kanke,  1969 ; Tarhalker  and  Rao,  1975).  Tomato,  onion,  cow- 
pea  and  chili  pepper  planted  between  sugarcane  rows  is  also  a common 
practice  in  India  (Randhawa,  1976;  Dayanand  and  Goswami,  1976).  In 
Taiwan,  Shia  and  Pao  (1965)  indicated  that  the  short-vined  sweet 
potato  variety  Tainung  57  had  the  least  effect  on  yields  from  inter- 
planted sugarcane,  gave  fairly  high  tuber  yields  and  was  recommended 
for  intercropping  systems. 

Grain  yield  of  oats  grown  alone  was  higher  than  when  intercropped 
with  soybeans  (Brown  and  Graff is,  1976)  in  Illinois.  On  the  other 
hand,  Dalai  (1977)  reported  reduced  soybean  yield  when  intercropped 
in  corn  as  compared  to  sole  crop.  Experiments  in  Punjab,  India 
(Narang  et  al.,  1969),  showed  that  the  best  method  of  intercropping 
is  soybean  in  alternate  rows  with  corn  planted  at  30  x 60  cm.  The 
total  yield  of  corn  and  soybean  in  1965  and  1966  was  2.47  and  3.33 
t/ha,  while  corn  alone  yielded  1.95  and  2.93  t/ha,  respectively. 
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The  competition  between  corn  and  intercrops  was  essentially  the 
competition  for  nitrogen  and  water  (Kurtz  et  al.,  1952).  A sufficiency 
of  nitrogen  and  water,  however,  did  not  completely  eliminate  the  com- 
petition. Evans  (1969)  showed  that  in  two  areas  of  contrasting  soil 
fertility  levels  and  different  rainfall,  intercropping  of  corn  or 
sorghum  with  peanut  resulted  in  higher  average  yield/ha  than  when 
those  crops  were  grown  in  pure  stands  for  two  years.  As  the  corn 
population  was  decreased,  the  reduction  in  corn  yield  was  greatest 
in  the  absence  of  peanut.  Saxena  and  Yadav  (1975)  pointed  out  that 
intercropping  pigeonpea  with  sorghum,  corn  and  pearlmillet  has 
generally  resulted  in  reduction  in  pigeonpea  yield.  Palada  and 
Harwood  (1974)  concluded  that  if  fertilizer  responsive  cultivars 
with  proper  maturity  are  used,  the  corn-rice  intercrop  combination 
will  respond  to  high  levels  of  nitrogen. 

Relay  intercropping  systems  can  be  an  effective  way  to  increase 
yield  (Dalrymple,  1971)  and  have  been  extensively  recommended 
(Nayasaland,  1948;  Hayward,  1969).  Relay  intercropping  permits 
fuller  use  of  solar  radiation  and  available  water  by  planting  a 
second  crop  before  the  first  one  is  harvested.  It  is  likely  that 
plants  of  different  species  relay  intercropped  can  make  better  use 
of  the  natural  resources.  Examples  of  relay  intercropping  systems 
have  included  interplanting  sorghum  with  cotton  (Tarhalker  and  Rao, 
1975)  or  with  corn  (Varma  and  Kanke,  1969;  Nigeria,  1955).  Relay 
systems  involving  rice  as  a principal  crop  have  also  been  recommended 
(Sung  and  Wu,  1966;  Bradfield,  1972).  Gallaher  (1975)  pointed  out 
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that  barley  and  corn  yields  in  Georgia  were  50  and  25%  less,  respec- 
tively, in  relay  intercropping  as  compared  to  double  cropping. 

Soybeans  in  Double  Cropping  Systems 
The  importance  of  a legume  component  in  the  cropping  system  has 
been  universally  emphasized.  Soybean  occupies  the  number  one  position 
in  terms  of  world  oil  supplies.  As  a member  of  the  legume  family  and 
topmost  oil  producer  it  is  an  important  component  in  double  cropping 
systems.  Soybeans  are  highly  photoper iodic . Thurlow  (1971a)  reported 
that  soybeans  grow  vegetatively  until  days  shorten  to  a length 
critical  for  each  variety,  then  vegetative  growth  stops  and  fruiting 
begins.  For  each  variety  the  day  length  required  to  initiate  flow- 
ering is  specific.  Because  of  the  photoperiod  differences,  varieties 
have  been  divided  into  9 maturity  groups  with  00  designating  early 
maturing  varieties  and  VIII  designating  late  maturing  varieties. 

The  groups  V,  VI,  VII  and  VIII  are  adapted  in  the  southern  states  of 
the  USA.  The  average  critical  day  length  in  group  VII  is  14.5  hours. 
Varieties  in  group  V and  VI  have  a longer  critical  day  length,  thus 
flower  in  mid-summer,  and  are  earlier  maturing  than  group  VII;  group 
VIII  varieties  have  a shorter  critical  day  length  and  are  later 
maturing  than  those  of  group  VII.  When  planted  late,  mid-  and  late- 
season  varieties  (group  VII  and  VIII)  grow  longer  and  yield  more 
than  earlier  maturing  varieties.  According  to  Hinson  (1974)  the 
maximum  photoperiod  difference  of  1.5  hours  caused  differences  of 
45  days  from  emergence  to  maturity,  21  days  from  emergence  to  flower, 

33  days  from  flowering  to  maturity  and  14  inches  of  plant  height. 

From  a series  of  experiments,  Whigham  (1975)  reported  that  a longer 
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season  permitted  taller  growth  of  plants  which  resulted  in  more  vege- 
tative growth  and  the  plants  were  capable  of  supporting  more  seeds 
during  the  reproductive  stage  because  of  greater  photo synthetic  leaf 
area.  Therefore,  more  flowers  were  initiated  or  fewer  aborted. 

Many  authors  indicated  the  advantages  of  soybean  as  a member  in 
double  cropping  systems.  Having  soybean  in  the  Minnesota  double 
cropping  system,  Pond  (1950)  reported  that  soybean  could  be  planted 
later  than  many  other  crops,  the  labor  requirement  was  low  and  came 
at  a time  when  competition  was  not  so  great  and  it  improved  the  physi- 
cal conditions  of  the  soil.  Peters  et  al.  (1971)  observed  better  use 
of  labor  and  equipment  and  lower  break-even  yields  for  each  crop  in 
a double  cropping  study  with  corn  followed  by  soybean. 

In  the  eastern  United  States  the  most  popular  double  cropping 
system  is  wheat  or  barley  harvested  for  grain  followed  by  soybeans 
for  grain  (Lewis  and  Phillips,  1976).  Corn  and  sorghum  for  grain  and 
silage  and  soybeans  for  grain  have  been  successfully  double  crop 
planted  in  June  following  winter  barley  harvested  in  eastern  Virginia 
(Camper  et  al. , 1972).  When  the  June  plantings  were  harvested  for 
grain,  corn  produced  the  greatest  net  dollar  returns.  However, 
when  planted  in  July  soybeans  were  more  dependable  for  grain  than 
corn  or  sorghum.  Selected  cultivars  of  soybeans  were  suggested  for 
use  as  a second  crop  after  sorghum  and  corn  under  irrigation  in 
north  and  west  Florida  (Guilarte  et  al.,  1975).  In  a three-year 
Alabama  study,  soybean  grown  as  a single  crop  yielded  an  average  of 
2,124  kg/ha.  But  soybean  grown  in  a double  cropping  system  following 
wheat  harvested  for  grain  (2,533  kg/ha)  yielded  an  average  of  1,308 
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kg/ha  (Rogers  et  al. , 1971).  In  a sequential  double  cropping  experi- 
ment in  Minnesota,  corn  yields  following  soybeans  were  higher  than  corn 
yields  following  oats  because  of  the  residual  nitrogen  contributed  by 
soybeans  (Schmid  et  al. , 1959).  Soybeans  are  grown  in  double  or 
triple  cropping  systems  with  rice  as  a major  crop  in  Taiwan  (ASPAC, 
1974)  and  Thailand  (Anonymous,  1974).  Harwood  and  Price  (1976)  stated 
that  for  the  puddled,  heavy  clay  soils  following  rice,  where  tillage 
is  difficult  or  Impossible,  the  soybean  is  probably  the  best  adapted 
crop  in  Monsoon  Asia. 

Based  on  surveys  made  in  several  states,  Elliott  (1977)  concluded: 
"whatever  system  is  used  to  speed  up  soybean  planting  in  a double 
cropping  program,  two  factors  are  critical:  management  and  moisture." 

Owens  (1974)  projected  several  economic  and  physiological  reasons 
for  double  cropping  of  small  grain  crops  (wheat,  barley  and  rye) 
followed  by  soybeans  in  Ohio,  Virginia,  North  Carolina,  Missouri  and 
Illinois.  Peele  et  al.  (1974),  working  on  double  cropping  of  soybean, 
reported  slight  differences  in  soybean  yields  for  the  different  methods 
and  cultivars  used, but  in  general  it  seemed  that  double  cropping  small 
grain-soybean  should  be  profitable  in  South  Carolina. 

The  effect  of  temperature  and  light  intensities  on  soybean 
growth  was  studied  by  Hofstra  (1973).  The  maximum  increase  in  leaf 
area  occurred  at  27  C at  early  stages  of  growth.  At  later  stages 
of  development,  the  difference  in  growth  rate  due  to  temperature 
diminished.  Either  there  was  acclimatization  to  temperature  with 
time,  or  something  other  than  temperature  became  rate-limiting 
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under  these  conditions.  He  obtained  a maximum  rate  of  photosynthesis 
in  soybean  at  around  35  C.  The  partitioning  of  assimilates  changed 
with  temperature>  with  a high  percentage  going  to  auxiliary  growth  at 
lower  temperature  and  almost  none  at  higher  temperature.  Although 
the  percentage  of  dry  weight  present  in  leaf  blade  was  constant 
across  temperatures,  specific  weight  varied  more  or  less  inversely 
with  the  rate  of  leaf  area  increase.  These  results  suggest  that  all 
assimiLates  are  used  in  production  of  new  tissues  at  higher  temperature 
(27-30  C) , whereas  at  lower  temperatures  assimilates  may  be  in  excess 
of  what  the  plant  can  use  for  new  leaf  production  on  the  main  stem. 

An  experiment  was  conducted  by  Camper  and  Smith  (1958)  in 
Virginia  with  two  varieties  (S-100  and  Ogden)  planted  on  May  20, 

June  5,  June  20  and  July  5 at  12,  24  and  30  inches  row  spacings 
and  at  the  rate  of  6,  12  and  18  seeds  per  foot  of  row.  He  found 
that  the  maturity  date  was  reduced  approximately  one  day  for  each 
two  days  later  planting  of  S-100  and  one  day  for  each  2.5  days 
later  planting  of  Ogden,  but  the  amount  of  delay  varied  from  year-to- 
year  and  also  from  one  planting  to  another.  Seed  size  was  not  affected 
by  date  of  planting,  rate  of  planting  or  row  width  except  the  last 
planting  of  Ogden  was  smaller  than  for  other  seeding  dates.  The 
July  seeding  produced  a lower  quality  seed  than  was  produced  for 
earlier  seedings  and  the  oil  content  was  lower  in  the  last  planting 
in  both  varieties.  Working  with  late-planted  soybean,  Rezende 
(1978)  obtained  the  highest  seed  yields  at  the  highest  plant  popu- 
lation and  narrowest  row  width. 


26 


Experiments  carried  out  by  Jeffers  et  al . (1973)  reported  that 
yields  of  soybeans  planted  at  different  dates  decreased  with  later 
plantings  in  both  irrigated  and  unirrigated  soil.  Plants  of  commonly 
grown  soybean  cultivars  planted  later  than  the  recommended  dates  of 
May  15  to  June  15  tend  to  be  short,  produce  seed  pods  close  to  the 
ground,  have  a short  life  cycle  and  often  yield  poorly  (Akhanda  et 
al.  , 1976).  The  above  reviews  indicate  that  appropriate  cultivars 
of  soybeans  need  to  be  developed  so  that  they  can  overcome  or 
minimize  the  negative  effects  of  late  planting. 

Plant  Density  in  Sorghum 

Sorghum  grain  is  a basic  food  in  many  parts  of  Africa  and  Asia. 

It  is  also  a principal  source  of  alcoholic  beverages  in  many  countries 
(Martin,  1970).  Sorghum,  sometimes  referred  to  as  the  great  millet, 
is  one  of  the  most  important  crops  in  Asia  and  Oceania  because  of  its 
great  range  of  adaptation,  productivity  of  both  grain  and  fodder, 
and  its  many  other  uses.  It  is  second  to  rice  among  the  hot  weather 
cereals  throughout  much  of  southern  and  eastern  Asia  (Rachie,  1970) 
and  eastern  Africa  (Doggett  et  al.,  1970)  which  is  known  to  be  its 
original  homeland.  Sorghum  has  high  resistance  to  desiccation, 
an  extensive  fibrous  root  system,  an  effective  transpiration  rate 
and  several  xerophytic  leaf  characteristics  that  retard  water  loss 
from  the  plant.  Because  of  its  xerophytic  nature,  sorghum  is  an 
important  grain  crop  in  the  semi-arid  tropics.  Kramer  and  Ross 
(1970)  pointed  out  that  the  performance  of  sorghum  under  adverse 
conditions  gives  it  a value  above  the  cash  value  of  the  grain  and 
helps  to  maintain  a more  stable  agricultural  system. 
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Sorghum  can  produce  a satisfactory  yield  in  a wide  range  of 
plant  densities  because  it  has  an  amazing  capacity  to  sucker  at 
low  populations  (Ross,  1977).  Effects  of  row  spacings  and  plant 
populations  on  yield  and  yield  component  associations  were  examined 
in  Iowa  by  Atkins  and  Martinez  (1971)  using  12  cultivars  of  grain 
sorghum.  Grain  yields  and  number  of  seed/head  were  highest  in  30- 
inch  row  width  followed  by  40-  and  then  20-inch.  Weight/100  seeds 
was  highest  in  40-inch  row  spacing.  Seeds/head  and  heads/ plant 
were  greater  at  lower  population  though  the  maximum  grain  yield 
was  obtained  from  the  highest  population.  In  India,  Prabhakar 
et  al.  (1972)  found  that  the  intrarow  spacing  of  15  cm  with  37.5 
cm  interrow  spacing  was  superior  to  other  treatments.  The  increase 
in  grain  yield  with  37.5  cm  X 15  cm  spacing  was  72%  better  than  the 
spacing  of  37.5  X 30  cm.  Even  though  the  length  of  panicle  was 
longest  in  the  latter,  the  grain  production  was  less.  A consis- 
tently significant  increase  in  grain  yield  with  the  decrease  in 
row  spacing  from  60  to  30  cm  was  observed  by  Upadhyay  and  Sreenivas 
(196b).  They  also  obtained  a significant  increase  in  sorghum  yield 
with  the  decrease  in  plant  to  plant  spacing  from  22.5  to  7.5  cm. 

Atkins  et  al.  (1968)  evaluated  the  performance  of  two  short  hybrids 
at  different  row  widths  and  within-row  plant  populations.  Corre- 
lation coefficients  of  0.28  and  0.29  were  obtained  in  two  years 
for  the  association  of  seeds/head  with  grain  yield.  Coefficients 
for  head/plant  and  seed  size  with  yield  were  also  appreciably 
smaller  for  the  short  hybrids  than  those  reported  for  tall  hybrids. 
Coefficients  for  seed/head  with  grain  yield  in  case  of  tall  varieties 
ranged  from  0.51  to  0.72. 
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Prine  (1969)  suggested  that  grain  sorghum  should  be  planted 
in  narrower  rows  than  the  common  36-inch  width.  Grain  sorghum 
yields  were  not  significantly  affected  by  plant  population  from  one 
to  four  plant  per  square  foot  during  three  seasons  in  his  experi- 
ments. But  higher  plant  population  recorded  significantly  higher 
grain  yield  in  a study  conducted  by  Raghunatha  (1977).  In  his 
experiment  the  differences  in  yield  components  among  stand  geometries 
were  not  significant  though  triangular  and  square  plantings  were 
slightly  more  productive  than  rectangular  planting.  Significant 
responses  to  plant  population  were  found  in  4 of  the  9 experiments 
in  India  (Singh  et  al.,  1972).  The  low  population,  9 plants/m^", 
was  always  the  lowest  and  13.5  plants/m^  was  equal  to  or  better 
than  the  highest  plant  population  at  3 of  4 locations.  The  average 
grain  yields  for  9,  13.5  and  27  plants/m2  were  2,  980,  3,530  and  3,690 
kg/ha.  On  the  contrary  to  the  above  two  experiments,  Rao  et  al . 

(1976a)  obtained  lowest  grain  yield  from  the  highest  population  as 
a result  of  decrease  in  panicle  weight  and  increased  lodging. 

He  explained  that  the  higher  populations  enhanced  maturity  and  de- 
creased the  grain  filling  period,  resulting  in  low  seed  weight, 
possibly  because  of  acute  plant  competition  for  moisture  and  nutrients. 
However,  Reddy  and  Murty  (1977)  did  not  detect  any  significant 
difference  in  yield  in  a range  of  plant  population  treatments  from 
45  to  180  thousand  plants/ha.  The  interaction  effect  between  popu- 
lation levels  and  four  entries  was  also  not  significant.  In  an 
experiment  conducted  with  varieties  of  grain  sorghum  at  Hague  near 
Gainesville,  Taylor-Evans  brand  Bird-A-Boo  II  produced  4,570  kg  of 
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grain  per  hectare  (Green,  1973).  He  also  found  that  the  increased 
tannin  content  increased  resistance  to  birds  but  decreased  the 
digestibility  (IVOMD). 

Plant  density  is  an  important  factor  if  sorghum  is  to  grow  as 
a component  crop  in  intercropping.  Increasing  plant  population 
drastically  increased  the  leaf  area  index  (LAI)  resulting  in  increased 
shading  as  observed  by  many  authors  (Mauco,  1977;  Akhanda  et  al., 
1978).  Duncan  (1971)  suggested  that  if  the  plant  canopy  is  expected 
to  be  below  an  LAI  of  3.0,  leaf  angles  have  little  signif icaxice 
but  will  be  quite  meaningful  over  5.0.  Therefore,  lower  plant 
density  might  be  desirable  in  sorghum  if  some  other  compatible  crops 
are  grown  as  intercrops  in  sorghum.  Finlay  (1974b)  stated  that 
sole  cropping  of  sorghum  in  northern  Nigeria  resulted  in  a dramatic 
yield  depression  from  the  first  to  the  second  crop,  after  which 
yield  declined  gradually.  He  suggested  that  intercropping  or  mixed 
cropping,  particularly  with  legumes,  can  avoid  this  reduction. 

Sarma  et  al.  (1970)  successfully  intercropped  Bengal  gram  (Cicer 
arletinum)  and  safflower  with  sorghum.  Bengal  gram  or  safflower, 
planted  between  the  rows  of  sorghum,  developed  while  the  sorghum 
was  small.  Considering  time  saving  and  low  cost  of  production, 
ratoon  cropping  in  sorghum  has  been  suggested  by  many  authors 
(Escalada  and  1'lucknett,  1975,  1977).  In  northern  India,  there 
were  fewer  problems  with  insects  and  weed  with  ratoon  crop  of 
sorghum  than  with  a new  crop  planting  on  the  same  date  (Pal  and 
Kaushik,  1969).  Among  51  sorghum  cultivars,  the  highest  grain 
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yield  of  ratoon  crop  was  46%  of  the  first  crop  with  an  average  yield 
of  26%  as  reported  by  Green  (1977c).  In  a double  cropping  system 
in  Florida,  Guilarte  et  al.  (1975)  suggested  that  grain  sorghum 
as  a first  crop  should  be  planted  in  late  March.  They  also  indicated 
that  seed  yields  of  both  first  and  second  crops  will  be  improved 
if  higher  plant  population  and  narrower  row  spacings  are  used  than 
when  crops  are  grown  in  the  conventional  one  crop  system. 

Plant  Density  in  Sunflowers 

World  sunflower  (Helianthus  annuus  L.)  production  has  expanded 
during  the  last  decade  to  become  the  second  leading  oilseed  crop  in 
the  world,  surpassed  only  by  soybean  (Kromer,  1974).  Sunflower  is 
considered  to  be  an  efficient  user  of  radiation  energy  because  of 
its  high  phototropic  nature  and  its  comparative  superiority  to  other 
oilseed  crops  in  terms  of  oil  composition  and  yield  (Robertson, 

(1975).  It  has  a peculiar  process  called  'nutation'  which  keeps  the 
head  facing  the  sun  during  the  day  until  anthesis.  Leaves  can  also 
orient  towards  the  incoming  radiation  by  the  movement  of  leaf  petioles. 

Number  of  heads  per  hectare,  number  of  seeds  per  head  and 
average  seed  weight  are  the  three  yield  components  and  product  of 
these  is  yield  per  hectare.  Number  of  heads  per  unit  area  is  dependent 
on  plant  population  and  spacing.  Disagreement  as  to  optimum  plant 
population  is  a common  occurrence  within  a region  as  well  as  among 
countries  of  the  world.  With  the  increasing  plant  population, 
seed  yields  increased  (Massey,  1971;  Lascu  and  Chiorescu,  1976), 
decreased  (Leliman,  et  al.,  1973;  Longo  and  Restuccia,  1975)  or  did 
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not  differ  (Johnson  and  Marchant,  1973;  Vij ayalakshmi  et  al.,  1975). 
The  effect  of  different  row  widths  on  seed  yield  was  similar  and  in 
13  out  of  14  trials  there  was  a noticeable  trend  for  oil  percentage 
to  increase  with  population  (Robinson  et  al.,  1976).  On  the  contrary, 
Alessi  et  al.  (1977)  obtained  highest  oil  for  the  lowest  population 
from  a range  of  25  to  100  plants/m  in  a 30-  and  90-cm  row  widths. 
Henry  (1968)  reported  that  'Armavirec'  and  'Peredovik'  cultivars 
yielded  best  at  the  lowest  seeding  rates  which  also  resulted  in 
the  best  oil  yields  per  unit  area.  In  his  study  the  percentage 
of  oil  increased  slightly  with  increasing  seeding  rates.  It  was 
also  observed  that  increasing  the  number  of  plants  per  acre  tended 
to  delay  flowering  slightly  but  hastened  maturity  by  up  to  four  days. 
Lodging  also  increased  with  the  higher  populations.  In  an  experi- 
ment in  Bangladesh  (Majid  et  al.,  1976),  maximum  percentage  of 
oil  in  kernel  and  oil  per  unit  area  for  a local  sunflower  variety, 
H-67-6,  was  obtained  at  row  spacings  of  24  inches,  the  highest 
percentage  of  protein  in  kernel  at  36  inches  and  protein  per  unit 
area  at  18  inches. 

Due  to  intraspecific  competition,  both  diameter  of  head  and 
100-seed  weight  decreased  with  the  increase  in  plant  population 
of  sunflower.  Karami  (1977)  reported  that  closer  plant  spacing 
resulting  in  higher  plant  density  reduced  the  diameter  of  head  and 
100-seed  weight  in  'Record'  cultivar  of  sunflower  in  Iran.  The 
seed  yield  had  a significant  positive  correlation  with  diameter  of 
head  and  also  with  weight  of  seed  per  head  (Rao  et  al.,  1976b)  in 
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a study  in  India.  In  another  study,  Singh  et  al . (1977)  found  high 
variability  among  eight  cultivars  for  seed  yields,  100-seed  weight, 
plant  height  and  seed  filling.  Yield  was  positively  correlated 
with  plant  height,  head  diameter  and  100-seed  weight  at  both  geno- 
typic and  phenotypic  levels. 

Time  of  planting  was  found  to  influence  the  growth  and  yield 
of  sunflower.  In  a field  trial  in  West  Bengal  (India)  Bhattacharya 
et  al.  (1975)  found  that  seed  yields  were  1.93  and  1.87  t/ha  and 
°il  yields  were  726  and  768  kg/ha  with  sowing  on  28  November  and 
12  December,  respectively.  It  was  also  found  that  delay  in  sowing 
after  12  December  decreased  yields  due  to  high  temperature  and  low 
relative  humidity  during  active  vegetative  growth,  floral  develop- 
ment and  maturation  stages.  Effect  of  date  of  planting  and  the  row 
spacing  on  sunflower  was  studied  by  Lopez  in  1972.  He  obtained  1,220, 
1,374  and  1,497  GDD  required  to  complete  the  life  cycle  (planting 
to  maturity),  respectively,  for  March  4,  March  19  and  April  3 
plantings. 

In  subtropical  regions  including  the  lower  southern  United 
States,  a sunflower  can  be  a profitable  first  crop  in  a warm  season 
double  cropping  system.  It  can  be  an  important  crop  compatible 
in  multiple  cropping  systems  in  the  tropics.  Results  indicated 
that  sunflower  can  be  competitive  with  corn  in  terms  of  dry  matter 
production  when  planted  in  a double  cropping  system  (Sheaffer 
et  al.  (1977).  Moreover,  sunflower  can  stand  28  to  32  F from  seeding 
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to  flowering  stage  (Killinger  and  Whitty,  1972).  Thus  it  offers 
special  advantage  in  that  it  can  be  planted  in  late  winter  or 
early  spring  and  save  time  where  the  warm  growing  season  is  limited 
by  low  temperature. 

The  inconsistent  effect  of  row  widths  and  plant  populations 
on  sunflower  yield  at  different  locations  suggest  that  it  should 
be  evaluated  for  particular  cultivars,  areas  and  climatic  conditions 
to  attain  optimum  yield. 
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MATERIALS  AND  METHODS 

The  experiments  were  conducted  on  Arredondo  fine  sand  at  the 
main  Agronomy  Research  Farm  at  the  University  of  Florida,  Gainesville. 
The  field  work  was  carried  out  during  the  summer  and  fall  of  1976 
and  spring,  summer  and  fall  seasons  of  1977.  The  crop  species  used 
as  test  materials  in  different  experiments  were  soybean  (Glycine 
max  (L.)  Merr . ) , corn  (Zea  mays  L. ) , sorghum  (Sorghum  bicolor  L. 
Moench) , sunflower  (Helianthus  annuus  L.),  sweet  potato  (Ipomoea 
batatas  (L.)  Lam.),  peanut  (Arachis  hypogaea  L.)  and  pigeonpea 
(Cajanus  cajan  L.  Druce) . Most  of  the  planting  materials  used 
were  from  the  previous  harvest  of  the  crops  at  the  Agronomy  Research 
larm  except  sunflower  and  sweet  potato  which  were  received  from  the 
National  Cottonseed  Products  Association,  Inc.,  Memphis,  Tennessee, 
and  a certified  potato  plant  producer  near  Valdosta,  Georgia,  respec- 
tively. 

Experiment  1.  Evaluating  Soybean  Cultivars  for  Use  as  a 
Second  Crop  in  Warm  Season  Double  Cropping  Systems 

In  1976,  129  soybean  cultivars  and  breeding  lines  as  indicated 
in  Appendix  Table  1 were  used  as  test  materials.  Based  on  their 
performance,  84  (Appendix  Table  2)  out  of  129  lines  were  selected 
to  repeat  the  investigation  in  1977.  The  land  used  in  these  studies 
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was  planted  to  corn  which  was  plowed  down  prior  to  planting  soy- 
bean in  both  years.  Planting  was  made  on  two  dates  each  year. 

The  first  planting  in  1976  was  made  on  July  20  followed  by  the 
second  planting  on  August  6.  The  first  and  second  plantings  in 
the  next  year  were,  respectively,  on  July  15  and  August  3.  The 
second  planting  was  made  in  similarly  managed  adjacent  sites  in 
both  years.  Randomized  complete  block  designs  with  three  repli- 
cations were  used  in  all  cases.  The  plot  size  was  four  rows  41  cm 
apart  and  four  meters  long  in  1976  while  only  the  row  length  was 
changed  to  six  meters  in  the  next  year.  Twenty-one  seeds  were 
planted  per  meter  of  row. 

The  field  was  fertilized  with  780  kg/ha  of  4-8-16  (N-P20  -K  0) 
mixed  fertilizer  at  corn  planting  in  both  years.  In  addition,  500 
kg/ha  of  0-10-20  (N-P20,--K20)  fertilizer  was  applied  before  planting 
soybean  in  1976  but  no  additional  fertilizer  was  used  in  1977. 

The  plots  were  sprinkler  irrigated  whenever  necessary  during  dry 
periods.  LASSO  (43%  EC)  and  PREMERGE  (51%  EC)  were  used  for  weed 
control  and  LANNATE  (24%  EC)  for  controlling  insects.  The  plots 
were  hand  hoed  and  cultivated  at  15  and  25  days,  respectively,  after 
emergence  to  control  weeds. 

The  flowering  and  maturity  characteristics  were  determined  by 
visual  observation  in  each  plot  every  other  day.  The  dates  each 
entry  began  flowering,  pod  filling,  stopped  flowering  and  reached 
physiological  maturity  were  recorded.  Beginning  of  flowering  was 


recorded  on  the  date  when  more  than  20%  of  the  plants  were  in  bloom 
and  end  of  flowering  when  80%  of  the  plants  had  no  fresh  flowers. 
The  beginning  of  pod  filling  and  physiological  maturity  dates  were 
determined  following  the  methods  suggested  by  Fehr  et  al . (1971). 
The  beginning  of  pod  filling  (R5)  date  was  recorded  on  the  day  when 
the  accumulation  of  milky  photosynthate  in  pods  at  one  of  the 
four  uppermost  nodes  with  a completely  unfolded  leaf  was  felt  by 
squeezing  with  the  fingers.  The  physiological  maturity  (R?)  date 
was  the  day  when  pods  started  yellowing  and  more  than  50%  leaves 
were  yellow  in  a plot.  The  "ready  for  harvest"  date  was  recorded 
when  the  pods  and  plants  in  a plot  became  completely  dry  and  the 
leaves  dropped  to  the  ground,  though  the  plot  was  not  harvested 
on  that  date.  The  length  of  pod  filling  period  and  life  cycle 
were  the  days,  respectively,  from  beginning  of  pod  filling  and 
planting  to  physiological  maturity. 

Plant  height  was  the  average  stem  length  from  the  base  to  the 
tip  of  the  stem.  Height  of  lowest  pod  was  the  average  distance 
from  the  soil  surface  to  the  bottom  of  the  lowest  pods  on  standing 
plants  at  maturity.  Seed  yield  was  determined  by  harvesting  the 
two  middle  rows  in  each  plot  after  border  plants  were  removed  on 
each  row  end.  The  seed  yield  per  plot  was  recorded  at  12%  moisture 
content  and  then  calculated  on  a kg/ha  basis. 

The  growing  degree  days  (GDD)  were  calculated  by  subtracting 
the  base  temperature  of  50  F (according  to  Martin  and  Leonard, 

1967a)  from  the  daily  average  temperature  for  each  day  from  planting 
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to  physiological  maturity  and  then  adding  them  together.  A similar 
method  was  also  used  by  Major  et  al.  (1975a)  for  predicting  soybean 
development.  The  GDD  for  various  development  phases  such  as  flowering 
and  pod  filling  periods  was  determined  by  computing  and  adding  the 
degree  days"  for  the  pertinent  periods. 

Experimental^ — Effect  of  Plant  Population  and  Row  Width  on 
the  Yield  and  Yield  Components  of  Sorghum 

Two  grain  sorghum  hybrids,  Taylor-Evans  brand  'Bird-A-Boo  II' 
and  Pioneer  brand  'B-815',  were  planted  at  three  row  spacings  of 
41,  61  and  91  cm  and  at  three  populations  of  20,  30  and  40  plants/m2 
corresponding  to  200,000,  300,000  and  400,000  plants/ha  on  March 
22,  1977.  The  design  of  the  experiment  was  a split-split  plot  with 
cultivars  as  main-plot,  row-widths  as  subplot  and  plant  populations 
as  sub-subplot.  There  were  four  replications  and  the  unit  sub- 
subplot  size  was  4.27  x 1.83  m.  Each  unit  plot  had  four,  three  and 
two  rows,  respectively,  at  41,  61  and  91  cm  spacings.  Twenty  per- 
cent more  seed  than  required  for  the  specified  populations  was 
planted  and  the  plant  counts  after  flowering  indicated  that  the 
stands  were  very  close  to  the  desired  populations. 

The  field  was  fertilizer  with  500  kg/ha  of  10-10-10  (N-P.^-K^O) 
mixed  fertilizer  before  planting.  Forty  days  after  emergence,  200 
kg/ha  of  Ca(NH4)N03  which  provided  50  kg/ha  N was  broadcast  and  fol- 
lowed by  irrigation  with  a water-gun.  Irrigation  was  given  whenever 
necessary  during  the  dry  periods  of  the  growing  season.  Interrow 
spaces  were  cultivated  twice  at  20  and  35  days,  respectively,  after 


38 


emergence  for  controlling  weeds.  However,  the  weed  control  was 
not  complete.  FURADAN  (40.64%  flowable),  a systematic  insecticide 
was  incorporated  at  5 1/ha  into  the  soil  one  week  before  planting. 

In  addition,  LANNATE  (24%  EC)  at  2.5  l./ha  was  sprayed  once  before 
flowering  for  insect  control. 

Plant  height  was  the  average  distance  from  the  soil  surface 
to  the  tip  of  the  panicle,  and  the  panicle  length  was  the  average 
from  the  base  to  the  tip  of  the  panicle.  Leaf  area  of  all  the  leaves 
of  three  randomly  selected  plants  per  plot  was  measured  with  auto- 
matic area  meter  (Model  AAM-5,  Hyashi  Denko  Co.  Ltd.,  Japan)  to 
find  out  the  average  leaf  area  per  plant.  Leaf  area  index  (LAI) 
was  then  calculated  by  dividing  the  average  leaf  area  of  the  plant 
with  the  land  area  it  occupied  in  that  plot.  In  computing  GDD , a 
base  temperature  of  60  F (according  to  Leonard  and  Martin,  1967b) 
was  deducted  from  the  daily  mean  temperature. 

Crain  yield  was  determined  by  harvesting  one  and  two  middle 
rows,  respectively,  from  three-  and  four-row  plots  and  both  rows 
from  two-row  plots  after  the  border  plants  on  each  row  end  were 
removed.  Grain  samples  were  dried  to  a constant  weight  before 
weighing  and  then  converted  to  kg/ha. 

Ejtpernnent^. Effect  of  Plant  Population  and  Row  Width  on 

the  Yield  and  \ ielJ  Componentsof  Sunflowers 

Sunflower  caltivars  planted  in  this  experiment  were  Interstate 
891,  Pacific  Oilseeds  Sun-Hi  304  and  Cargill  204.  The  row  widths 
and  plant  populations  used  were,  respectively,  41,  61  and  91  cm  and 
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4,  6 and  8 plants/m"  equivalent  to  40,000,  60,000  and  80,000  plants/ha. 
The  experimental  design,  plot  size,  number  of  rows  in  plots  and  number 
of  replications  were  the  same  as  in  experiment  2.  More  seeds  than 
required  were  planted  on  February  17.  At  the  3-4  leaf  stage,  extra 
seedlings  were  removed  to  maintain  exact  plant  populations  according 
to  the  population  treatments. 

At  land  preparation,  500  kg/ha  of  10-10-10  (N-P^-K^O)  mixed 
fertilizer  was  incorporated  into  the  soil  along  with  2 kg/ha  of 
FURADAN  (40.64,o  flowable)  one  week  before  planting.  Afterwards 
300  kg/ha  of  15-0-15  (N-P^-K^O)  fertilizer  containing  45  kg  N and 
45  kg  K^O  and  200  kg/ ha  of  ammonium  nitrate  having  50  kg  N were  top- 
dressed,  respectively,  40  and  50  days  after  emergence  and  followed 
by  irrigation  by  water-gun.  The  plots  were  hand  hoed  and  cultivated 
at  10  and  20  days,  respectively,  after  emergence.  LANNATE  (24%  EC) 
at  2.5  1/ha  was  sprayed  a few  days  before  flowering  to  control  in- 
sects. For  protecting  grain  from  bird  damage,  one  kg  (a.i.)/ha  of 
MESURAL  (75%  WP)  was  sprayed  two  weeks  before  harvest. 

Ihe  variables  measured  in  this  study  were  diameter  of  stem 
after  flowering,  plant  height  at  maturity,  LAI,  diameter  of  head, 
100-seed  weight  and  seed  yield.  Diameter  of  stem  above  12th  leaf 
was  measured  with  a slide  caliper.  Three  randomly  selected  plants 
per  plot  were  measured  and  the  average  was  recorded.  Diameter  of 
head  was  the  average  of  three  random  heads  per  plot  taken  before 


harvest . 
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The  LAI  was  determined  by  using  the  following  regression  equation 
developed  for  Taro  (Colocasia  esculenta)  by  Bourke  et  al . (1976): 

Y = 8.61  + 1.42165X2 
where,  Y = leaf  area  in  cm2 
X = AA'  in  cm 

AA'  = distance  (cm)  from  the  base  of  the  leaf  blade  (the 
point  at  the  base  where  the  midrib  and  veins  join 
together  and  petiole  join  the  leaf  blade)  to  the 
tip  of  the  leaf. 

The  distance  AA'  of  all  the  leaves  of  three  randomly  selected 

plants  per  plot  was  measured  and  the  average  was  calculated.  Leaf 

area  of  the  average  leaf  was  determined  by  fitting  the  average  AA' 

into  the  above  regression  equation.  The  average  leaf  area  thus 

determined  was  multiplied  by  the  average  number  of  leaves/plant 

in  each  plot  to  compute  the  total  leaf  area  of  the  average  plant 
2 

m cm  . Dividing  the  total  leaf  area  of  the  plant  by  the  land  area 
occupied  by  it,  the  LAI  was  obtained.  For  calculating  GGD , a base 
temperature  of  32  F (according  to  Keefer  et  al . , 1976)  was  deducted 
from  the  daily  mean  temperature. 

Seed  yield  was  determined  by  harvesting  one  and  two  central  rows, 
respectively,  from  three-  and  four-row  plots  and  both  rows  from  two- 
row  plots.  The  border  plants  on  both  ends  of  yield  rows  were  elimi- 
nated prior  to  harvest  to  avoid  border  effects.  The  seeds  were 
dried  to  a constant  moisture  level  (12%),  weighed  and  converted  to 
kg/ha.  One  hundred  random  seeds  were  taken  from  each  plot  to  measure 
100-seed  weight.  Composite  seed  samples  out  of  different  row  widths 
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and  plant  populations  of  each  cultivar  were  analyzed  by  the  Agri- 
cultural Research  Center,  USDA,  Athens,  Georgia,  to  measure  oil 
contents  along  with  fatty  acid  components. 

Experiment  4.  Intercropping  Peanut,  Pigeonpea 
and  Sweet  Potato  in  Corn 

Florunner,  Dixie  Runner  and  Early  Bunch  peanut,  Norman  pigeon- 
pea,  Alabama  Nugget  (okra  leaf)  and  Red  Jewel  (common  leaf)  sweet 
potato  were  interplanted  in  Pioneer  3780  (early-maturing),  Pioneer 
3369A  (medium-maturing)  and  McNair  508  (late-maturing)  corn.  The 
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corn  population  treatments  were  2.4,  4.8  and  7.2  plants/m  corre- 
sponding to  25,000,  50,000  and  75,000  plants/ha.  The  experiment 
was  laid  out  in  a randomized  complete  block  design  with  four  repli- 
cations. The  treatment  (T)  combinations  are  shown  in  a tabular 
form  as  follows: 


Corn 

hybrid 


Corn  Intercrop Treatment 

population  Row  combi- 

(plants/m3)  Crop spacing(cm)  nation(T) 


Pioneer  3780  2.4 

(early) 

4.8 


Florunner  peanut 

91 

T1 

None 

T2 

Florunner  peanut 

91 

T3 

Dixie  Runner  peanut 

91 

T4 

Early  Bunch  peanut 

91 

T5 

Alabama  Nugget 
sweet  potato 

91 

T6 

Red  Jewel 
sweet  potato 

91 

t7 

T 


8 


7.2 


Florunner  peanut 


91 
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Corn 

hybrid 

Corn 

Intercrop 

Treatment 

population 

(plants/m“) 

Crop 

Row 

spacing (cm) 

combi- 

nation! 

Pioneer  3369A 
(medium) 

2.4 

Florunner  peanut 

T9 

4.8 

None 

TlO 

Florunner  peanut 

91 

T 

12 

Florunner  peanut 

46 

T 

13 

Dixie  Runner  peanut 

91 

T 

14 

Dixie  Runner  peanut 

46 

T 

15 

Early  Bunch  peanut 

91 

T 

16 

Early  Bunch  peanut 

46 

T 

16 

Alabama  Nugget 
sweet  potato 

91 

T 

17 

Red  J ewel 
sweet  potato 

91 

T 

18 

Norman  pigeonpea 

91 

T 

19 

7.2 

Florunner  peanut 

91 

T 

20 

McNair  508 
(late) 

2.4 

F'lorunner  peanut 

91 

T 

21 

4.8 

None 

T 

22 

Florunner  peanut 

91 

T 

23 

7.2 

Florunner  peanut 

91 

T 

24 

Pure  stand 

None 

None 

Florunner  peanut 

91 

T 

25 

Florunner  peanut 

46 

T 

26 

Dixie  Runner  peanut 

91 

T 

27 

Dixie  Runner  peanut 

46 

T 

23 
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Corn 

Intercrop 

Trea tment 

Corn 

hybrid 

population 

(plants/m^) 

Crop 

Row 

spacing 

combi - 

(cm)  nation(T) 

None 

None 

Early  Bunch  peanut 

91 

T 

29 

Early  Bunch  peanut 

46 

T 

30 

Alabama  Nugget 
sweet  potato 

91 

T 

31 

Red  Jewel 
sweet  potato 

91 

T 

32 

Corn  hybrids  were  planted  in  rows  91  cm  apart  on  March  11  at  a 
higher  seed  rate  than  required.  The  entire  experimental  area  including 
the  spaces  for  pure  stands  of  intercrop  species  was  planted  in  order 
to  give  uniform  treatment  to  the  whole  area.  At  the  3-4  leaf 
stage,  extra  seedlings  were  hand-pulled  to  maintain  the  exact  corn 
populations  according  to  the  treatments.  The  unit  plot  size  was 
four  corn  rows  91  cm  apart  and  six  meters  long.  Two  days  before 
planting  intercrops,  plants  from  four  corn  rows  at  regular  intervals 
along  the  field  were  removed  to  create  strips  of  open  space  for 
planting  intercrop  species  as  pure  stands. 

Peanut  and  pigeonpea  were  planted  between  corn  rows  at  14  and 
12  seeds/m  row,  respectively,  on  April  20.  There  were  three  rows  of 
peanuts  and  pigeonpea  91  cm  apart  in  an  unit  plot  of  corn  hybrid. 

All  three  peanut  cultivars  were  also  planted  in  double  rows  46  cm 
apart  between  corn  rows  in  selected  treatments  and  which  gave  six- 
row  plots  of  intercropped  peanut  in  corn.  At  the  same  time,  all 
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three  cultivars  were  planted  at  91  and  46  cm  rows  in  identical 
plots  as  pure  stand  in  the  open  spaces  created  by  removing  corn 
plants.  Similarly,  Alabama  Nugget  and  Red  Jewel  sweet  potato 
cultivars  were  planted  in  rows  91  cm  apart  at  the  rate  of  four 
draws/m  row  on  April  25  both  inside  the  corn  as  intercrops  and 
outside  as  pure  stand.  Sweet  potato  draws  were  planted  on  manually- 
raised  beds  about  10  cm  high.  The  intercrops  were  planted  40  to  45 
days  after  planting  corn  and  at  a stage  when  early-,  medium-  and 
late-maturing  corn  hybrids  were,  respectively,  140,  130  and  120 
cm  tall. 

Before  planting,  the  field  was  fertilized  with  800  kg/ha  of 
4-8-16  (N-P^O^-K^O)  mixed  fertilizer  plus  16  kg/ha  of  fritted  trace 
elements  (FTE  503).  At  the  same  time,  5 1/ha  of  FURADAN  (40.64% 
f iowable)  was  incorporated  into  the  soil  for  controlling  soil  borne 
insects.  Thirty-five  days  after  corn  planting,  400  kg/ha  of  NH^NO^ 
(33.5%  N)  and  200  kg/ha  of  15-0-12.3  (N^^O^-I^O)  fertilizer  were 
sidedressed  and  followed  by  sprinkler  irrigation.  One  week  before 
planting  intercrops,  5 1/ha  of  LASSO  (43%  EC)  was  sprayed  in  all 
the  plots  except  those  for  sweet  potato.  Fifteen  kg/ha  of  MALATHION 
(5%  P)  was  dusted  on  corn  32  days  after  planting.  Spider  mites 
(Tetranychus  sp.)  and  fungus  diseases  were  observed  to  be  serious 
problems  for  intercrops.  As  a control  measure,  1.5  kg/ha  of  KELTHANE 
(85.5%  EC)  and  0.75  kg/ha  of  BENLATE  (50%  WP)  were  mixed  and  sprayed 
35  days  after  intercrop  planting  and  repeated  twice  at  seven-day 
intervals.  It  was  extremely  difficult  to  reach  the  intercrops  under 
the  thick  corn  canopy  with  spray  materials  by  the  mechanized  com- 
mercial sprayer. 
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The  interrow  spaces  were  cultivated  once  25  days  after  corn 
planting  followed  by  a hand  weeding.  But  weed  competition  was 
serious  for  the  intercrops  at  the  later  stages  of  growth  though 
the  effect  on  corn  was  considered  to  be  small.  The  whole  growing 
season  was  abnormally  dry.  The  plots  were  irrigated  regularly 
once  a week  by  sprinkler  irrigation  and  supplied  about  an  acre- 
inch  of  water  each  time  until  the  late-maturing  corn  reached  black 
layer  stage.  Afterwards,  irrigation  was  not  necessary  for  the 
intercrops  since  there  were  frequent  rains.  At  the  milk  stage  of 
corn,  the  corn  ears  of  all  yield  rows  were  covered  by  paper  bags 
to  protect  them  from  bird  damage.  After  corn  harvest  the  stalks 
were  left  standing  in  the  field  until  all  the  intercrops  were 
harvested . 

Variables  measured  in  this  study  were  plant  height,  number  of 
ears  per  plant,  LAI  and  grain  yield  in  corn,  dry  matter  production 
in  pigeonpea,  pod  yield  in  peanut  and  root  yield  in  sweet  potato. 
Plant  height  was  the  average  distance  from  soil  surface  to  the  tip 
of  tassel  of  corn  at  maturity.  Number  of  ears  per  plant  was  ob- 
tained by  dividing  the  total  number  of  ears  with  the  total  number 
of  plants  in  the  harvested  area.  Leaf  surface  area  (leaf  length  x 
maximum  width  x 0.75  according  to  Montgomery,  1911)  of  all  the  leaves 
of  three  randomly  selected  plants  per  plot  was  measured  to  find  out 
the  average  leaf  area  per  plant.  LAI  was  calculated  by  dividing 
the  average  leaf  area  per  plant  by  the  land  area  of  the  plant  in 
each  plot.  GDD  for  each  day  of  corn  life  cycle  (planting  to  black 
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layer  development)  was  computed  using  the  following  formula  as  used 
by  Prine  et  al.  (1975): 

Max  Temp.  F + Min  Temp.  F 

LrDD  — 2 — ~>U 

where  temperature  <50  F = 50  F and  >86  F = 86  F. 

Grain  yield  of  corn  was  determined  by  harvesting  4.88  m sections 
of  the  central  two  rows  after  eliminating  border  plants  on  each  row 
end.  The  harvested  ears  were  dried  to  a constant  weight  (12%  moisture), 
shelled  and  weighed.  In  case  of  intercrops,  4.88  m sections  from 
the  central  row  out  of  three  plot  rows  91  cm  apart  were  harvested. 

In  case  of  46  cm  spacings , central  two  rows  out  of  six  were  harvested 
to  determine  yield.  Likewise,  4.88  m sections  of  two  and  three 
rows  were  harvested,  respectively,  from  91  and  46  cm  row-spacings 
of  intercrops  grown  as  pure  stand.  Peanut  pods  were  dried  to  a 
constant  weight  before  recording  plot  yield.  Pigeonpea  plants 
were  cut  at  the  base  and  dried  in  a forage  dryer  to  determine  dry 
matter  production.  Sweet  potato  roots  were  cured  at  50  C in  a seed 
dryer  for  72  hours,  weighed  and  converted  into  kg/ha. 

Analysis  of  variance.  General  Linear  Model  and  Correlation 
Analysis  of  data  on  grain  yields  and  yield  components  were  carried 
out  by  computer  to  find  out  the  differences  and  relationships. 

Duncan  Multiple  Range  Tests  were  used  to  compare  the  treatment  means. 


RESULTS  AND  DISCUSSION 


Experiment  1.  Evaluating  Soybean  Cultivars  for  Use  as  a 
Second  Crop  in  Warm  Season  Double  Cropping  Systems 

The  dates  of  beginning  and  end  of  flowering,  beginning  of  pod 
filling  (R^) , physiological  maturity  (R^)  and  ready  for  harvest  for 
1976  and  1977  are  presented  respectively  in  Appendix  Tables  1 and  2. 
Ranges  in  various  measurements  at  two  planting  dates  in  both  years 
are  given  in  Table  1.  In  the  first  planting  (July  20)  of  1976, 
the  beginning  of  flowering  ranged  from  August  26  to  September  15; 
the  end  of  flowering  ranged  from  September  15  to  October  10;  R^ 
ranged  from  September  8 to  October  3 and  the  cultivars  matured 
(Ry ) between  October  16  and  November  13.  In  the  second  planting 
(August  6)  of  1976,  the  above  ranges  were,  respectively,  from 
September  5 to  25,  September  27  to  October  18,  September  18  to 
October  14  and  October  28  to  November  20.  In  1977,  the  beginning 
of  flowering,  end  of  flowering,  beginning  of  pod  filling  and  date 
of  physiological  maturity  ranged,  respectively,  from  August  26  to 
September  12,  September  28  to  October  12,  September  12  to  28  and 
October  23  to  November  5 for  first  planting  (July  15).  In  the 
second  planting  of  1977,  the  above  ranges  were,  respectively, 
September  5 to  22,  October  3 to  24,  September  21  to  October  10  and 
October  26  to  November  16. 
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Table  1.  Ranges  in  various  measurements  for  two  planting  dates  among  129  soybean  lines  in  1976 
and  84  lines  in  1977  grown  at  Gainesville,  FL. 
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Date  of  beginning  of  flowering  in  soybean  after  emergence  is 
known  to  be  controlled  mostly  by  the  hereditary  character  and  partly 
by  day  length  and  temperature.  Hanh  (1965)  found  that  soybean  plants 
continue  to  make  vegetative  growth  when  day  lengths  are  long,  and, 
under  field  conditions,  flowering  begins  when  the  day  length  falls 
below  a critical  length  specific  for  each  cultivar.  Flowering 
time  and  maturity  date  showed  comparatively  high  heritabilities 
of  75.6  and  75.3%,  respectively  (Weber  and  Moorthy,  1952).  Day 
length  has  been  recognized  as  highly  important  in  soybeans  for  more 
than  50  years.  Howell  (1963)  reported  that  soybean  plants  continue 
to  make  vegetative  growth  when  day  lengths  are  longer  than  critical 
and  with  12  hours  of  day  light,  nearly  all  varieties  began  flowering 
21  to  28  days  after  emergence.  These  discussions  give  sufficient 
reasons  why  the  planting  to  flowering  period,  on  an  average,  was  more 
than  a week  shorter  in  the  second  planting  than  in  the  first  planting 
in  both  years.  Moreover,  Criswell  and  Hume  (1972)  reported  that 
flowering  of  late-maturing  soybean  cultivars  was  more  sensitive  to 
day  length  than  flowering  of  early  cultivars. 

The  cultivars  which  will  reach  earlier  than  November  10  are 
likely  to  escape  early  fall  frost  damage  in  Florida  as  the  minimum 
temperature  of  -2  C and  0 C (28  F and  32  F)  occurred  by  November  10 
in  2 and  14%  of  the  years  over  a 30-year  period  at  Gainesville 
(Johnson,  1970).  Therefore,  late  planted  soybeans  which  mature  during 
the  first  week  of  November  are  likely  to  escape  frost  damage  in  sub- 
tropical regions.  In  the  first  and  second  plantings  in  1976,  re- 
spectively, 122  and  110  out  of  129  lines  physiologically  matured 


50 


before  November  10.  In  1977,  all  cultivars  except  the  Jupiter 
selection  (reached  R_,  on  November  16)  in  the  second  planting  reached 
physiological  maturity  within  the  first  week  of  November. 

Days  from  planting  to  flowering,  length  of  flowering  and  pod 
filling  periods,  from  end  of  flowering  to  , from  R to  harvest 
and  the  length  of  life  cycle,  respectively  for  1976  and  1977,  are 
given  in  Appendix  Tables  3 and  4.  The  ranges  in  various  measure- 
ments at  two  planting  dates  in  both  years  are  given  in  Table  1 and 
the  correlation  coefficients  between  various  measurements  for  both 
dates  of  planting  in  1977  are  recorded  in  Table  2. 

The  period  from  planting  to  flowering  among  cultivars  in  the 
first  and  second  plantings  ranged,  respectively,  from  37  to  57  and 
31  to  50  in  1976  and  42  to  59  and  30  to  50  days  in  1977.  This 
period  was  considered  to  be  the  most  important  factor  affecting  the 
length  of  life  cycle  of  different  lines  at  different  planting  dates. 

It  was  more  than  a week  shorter  in  the  second  planting  as  compared 
to  the  first  probably  due  to  the  difference  in  physiological  pro- 
cesses influenced  by  changes  in  photoperiod  and  temperature.  Osier 
and  Cartter  (1954)  also  found  that  the  varietal  maturity  differential 
response  to  planting  dates  occurred  primarily  during  the  period  from 
planting  to  flowering.  This  period  was  positively  correlated  to  the 
length  of  life  cycle  ('r'  values  from  0,61**  to  0.63**),  plant 
height  at  maturity  ( ' r ' values  from  0.40**  to  0.41**)  and  bottom 
pod  height  ('r'  values  from  0.40**  to  0.54**)  and  negatively  related 
to  the  length  of  pod  filling  period  ( ’ r 1 = -0.52**).  This  indicates  that 
the  longer  the  period  from  the  planting  to  flowering  the  longer  the 
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Upper  figures  in  each  pair  are  from  the  first  planting  on  July  15 
Lower  figures  in  each  pair  are  from  the  second  planting  on  August 
** , respectively,  significant  at  5%  and  1%  level 
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life  cycle,  taller  the  plants  with  bottom  seed  pod  at  a higher 
position  but  shorter  the  pod  filling  period  (Table  2).  High  positive 
correlation  coefficients  were  found  between  days  in  the  vegetative 
phase  from  emergence  to  flowering  and  days  in  life  cycle  in  late- 
planted  soybeans  (Weber  and  Moorthy,  1952  and  Akhanda  et  al . , 1976). 

The  periods  (days)  for  flowering,  pod  filling  and  from  end  of 
flowering  to  physiological  maturity  did  not  differ  greatly  due  to 
planting  dates  but  were  definitely  shorter  as  the  plantings  were 
delayed.  However,  the  differences  among  cultivars  as  to  these 
periods  were  greater  ranging  from  8 to  23  days  (Table  1) . The 
flowering  periods  were  positively  related  to  the  pod  filling  periods 
(’r*  = 0.23*  to  0.29**)  and  length  of  life  cycle  ('r'  = 0.51**) 
whereas  the  pod  filling  periods  were  negatively  related  to  bottom 
pod  heights  ('r'  = -0.39**  to  -0.46**).  The  second  important  phase 
affecting  the  life  cycle  was  the  period  from  the  end  of  the  flowering 
to  which  differed  by  23  days  among  cultivars  in  the  first  planting 
of  1976.  These  periods  were  consistently  shorter  in  second  planting 
in  both  years  probably  due  to  reduced  day  length  and  cooler  night 
temperatures.  Shorter  days  reduced  the  time  from  flowering  to 
maturity  as  well  as  the  time  from  emergence  to  flowering  in  soybeans 
(Hinson  and  Smith,  1969).  The  magnitude  of  the  range  in  pod  filling 
periods  and  the  end  of  flowering  to  maturity  in  both  plantings  in 
1977  were  smaller  than  those  of  1976  because  the  poor  performing 
lines  from  both  extremes  (early  and  late)  of  earlier  trials  were 
not  included  in  the  19/7  trial.  The  length  of  life  cycle  varied 
from  88  to  116  and  83  to  106  days,  respectively,  in  first 
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and  second  plantings  in  1976;  whereas  it  ranged  from  99  to  113  and 
84  to  105  days  in  1977.  The  hastening  effects  of  short  days  on 
maturity  were  greater  than  the  delaying  effects  of  cool  temperature 
in  second  planting.  Major  et  al . (1975b)  reported  that  short  day 
lengths  were  necessary  to  offset  any  delaying  effects  of  cool 
temperature  on  the  period  from  flowering  to  physiological  maturity. 
Johnson  et  al.  (1960)  observed  that  soybean  life  cycles  were 
shortened  by  cool  temperatures  and  reduced  photoperiods.  According 
to  Leffel  (1961),  a late  variety  for  a given  latitude  would  show 
less  calendar  maturity  date  response  to  late  planting  than  an  early 
planting.  The  period  from  the  date  of  physiological  maturity  to 
the  date  when  cultivars  were  ready  for  harvest  also  varied  consid- 
erably among  the  lines.  Some  lines  quickly  dried  within  a week 
and  some  took  more  than  two  weeks.  In  some  cases,  the  stem  remained 
green  though  the  seeds  were  shattering.  This  characteristic  should 
be  carefully  checked  in  selecting  soybean  cultivars  and  such  lines 
should  be  discarded. 

Effect  of  planting  dates  on  the  average  number  of  calendar 
days  and  growing  degree  days  (GDD)  or  heat  units  for  different 
periods  of  physiological  growth  phases  for  84  soybean  cultivars 
or  lines  in  1977  are  presented  in  Table  3 and  in  Figures  1 and  2. 

The  calendar  days  and  GDD  for  different  growth  phases  were  computed 
on  the  average  periods  for  84  cultivars.  Both  calendar  days  and 
GDD  for  various  growth  phases  were  higher  in  the  .July  15  planting  than 
the  August  3 planting.  The  difference  between  planting  dates 


Table  3.  Effect  of  planting  dates  on  the  average  number  of  calendar  days  and  growing  degree  days  (GDD) 
for  different  periods  of  physiological  growth  phases  of  84  soybean  cultivars  or  lines  planted 
at  Gainesville,  FL  in  1977. 
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Figure  1.  Effect  of  planting  date  on  the  average  number  of 
calendar  days  and  growing  degree  days  (GDD)  for 
84  soybean  cultivars  or  lines  from  planting  to 
flowering  (F) , pod  filling  (PF),  end  of  flowering 
(EF) , and  physiological  maturity  (PM) . 
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Planting  Date 


Figure  2.  Effect  of  planting  date  on  the  average  number  of 
calendar  days  and  growing  degree  days  (GDD)  for 
84  soybean  cultivars  or  lines  for  flowering 
period  (FP) , pod  filling  period  (PFP) , and  period 
from  end  of  flowering  to  physiological  maturity 
(EPM) . 
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was  highest  (14  days)  in  the  period  from  planting  to  physiological 
maturity  because  of  accumulative  difference  in  the  whole  life  cycle. 

The  differences  in  calendar  days  and  GDD  were  lowest  in  pod  filling 
period  and  end  of  flowering  to  R . As  a single  factor,  the  differences 
In  the  period  from  planting  to  flowering  were  the  highest.  To  com- 
plete the  average  life  cycle,  July  15  planting  required  3,047  GDD 
whereas  August  3 planting  needed  2,501  GDD.  Martin  and  Leonard 
(1967a)  reported  that  4,300  GDD  or  heat  units  were  required  to 
mature  soybeans.  The  difference  in  GDD  between  these  two  findings 
was  probably  accounted  for  by  the  difference  in  cultivar,  latitude 
and  growing  season. 

Figures  1 and  2 indicate  that  calendar  days  and  GDD  requirements 
from  planting  to  flowering,  pod  filling,  end  of  flowering,  By, 
periods  for  flowering , pod  filling  and  end  of  flowering  to  Ry  con- 
sistently dropped  from  July  15  planting  to  August  3 planting.  This 
phenomenon  suggests  that  planting  earlier  than  July  15  and  later 
than  August  3 would  require,  respectively,  greater  and  smaller  GDD 
beyond  the  range  in  the  figures.  However,  the  magnitudes  of  drops 
in  GDD  from  first  to  second  planting  were  variable  with  the  greatest 
drop  occurring  in  planting  to  flowering  period.  Major  et  al . (1975a) 
reported  that  the  GDD  for  physiological  growth  phases  were  longer 
for  the  early  planting  on  May  1 and  greatly  reduced  for  the  late 
planting  on  July  1 in  all  cases  except  for  the  period  from  planting 
to  beginning  of  flowering.  But  in  this  investigation  the  sharp  drop 
in  GDD  for  planting  to  flowering  (Figure  1),  flowering  period  and 
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pod  filling  period  (Figure  2)  was  particularly  influenced  by  reduced 
day  length  and  lower  temperature  as  explained  earlier.  Computation 
of  GDD  for  the  life  cycle  of  soybeans  for  a particular  geographic 
and  climatic  region  might  help  in  predicting  the  soybean  maturity, 
which,  in  turn,  will  facilitate  effective  planning  for  double  or 
multiple  cropping  with  soybean  as  a legume  component  particularly 
in  areas  having  crop  seasons  limited  by  low  temperature.  Growing 
degree  day  method  is  an  effective  tool  used  for  predicting  corn 
development  (Major  et  al. , 1975a). 

Data  on  plant  height  at  flowering  and  maturity,  height  of  lowest 
pod  and  seed  yield  are  given  in  Appendix  Tables  5 and  6.  Both  the 
plant  height  at  flowering  and  maturity  and  lowest  pod  heights  were 
drastically  reduced  in  all  cultivars  in  the  second  planting  of  both 
years.  Harvest  loss  with  a properly  set  combine  is  low  if  the  lowest 
pod  height  is  more  than  15  cm.  Even  at  this  height  cutterbar  loss 
in  the  field  of  more  than  2.2%  has  been  reported  by  Park  and  Webb 
(1959).  Weber  and  Fehr  (1966)  found  a 1.9%  loss  in  yield  for  each 
2.5  cm  increase  in  height  of  cut  from  ground  level  up  to  16  cm 
height.  In  the  first  planting  of  1976  and  1977,  respectively,  42 
out  of  129  and  50  out  of  84  cultivars  had  minimum  pod  heights  of 
15  cm.  In  the  second  planting,  12  of  129  produced  pods  at  15  cm 
or  above  but  none  in  1977  though  there  were  12  lines  having  lowest 
pods  at  12  cm  or  above.  Generally,  plant  height  at  flowering  and 
maturity  and  height  of  lowest  pods  were  increased  as  the  length  of 
vegetative  growth  periods  were  longer.  Hinson  (1974)  observed  that 
late  flowering  increased  the  height  of  the  lowest  pods.  Bottom 
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pod  height  had  positive  correlations  with  planting  to  flowering 
days  ('r'  = 0.40**  to  0.54**),  plant  height  at  flowering  ('r'  = 

0.59**  to  0.65**)  and  maturity  ( ' r ' = 0.80**  to  0.61**).  It  had 
strong  negative  correlation  with  length  of  pod  filling  period 
('r'  = -0.39**  to  -0.46**)  demonstrating  that  the  longer  the  pod 
filling  period  the  closer  the  first  pod  to  the  ground  to  be  filled. 
Plant  height  responded  positively  to  increased  days  to  maturity 
(Table  2).  Whig ham  (1975)  stated  that  a longer  season  permitted 
taller  growth  of  the  plants  and  taller  plants  better  utilized 
available  light  by  developing  greater  photo synthetic  leaf  area. 

Seed  yields  among  cultivars  ranged,  respectively,  from  2,260 
to  4,550  and  2,060  to  3,660  lcg/ha  in  the  first  planting  of  1976  and 
1977  (Appendix  Tables  5 and  6).  The  ranges  in  the  second  plantings 
were,  respectively,  from  820  to  3,130  and  1,080  to  2,410  kg/ha. 

The  seed  yields  of  ten  promising  lines  out  of  129  in  1976  and  84 
in  1977  are  shown  in  Table  4.  Only  F73-9564  produced  the  highest 
yield  in  the  first  planting  of  both  years.  The  highest  seed  yields 
for  the  second  planting  were,  from  F74-2155  and  F74-3514,  respectively, 
in  1976  and  1977.  They  produced  very  high  in  one  year  and  very  low 
in  the  other.  However,  the  average  of  both  years  was  highest  (2,380 
kg/ha)  from  F74-3510  which  did  not  differ  much  from  Santa  Rosa.  The 
ten  most  promising  lines  were  altogether  different  in  the  first  and 
second  plantings  except  F7 2-5823  which  consistently  gave  higher 
seed  yields  in  both  plantings  both  years.  Among  the  varieties 
used  as  control,  Jupiter  selection  produced  most  and  Santa  Rosa 
least  in  the  first  planting  whereas  the  latter  produced  the  most 


Table  4.  Seed  yields  and  bottom  pod  heights  of  10  promising  cultivars  or  lines  of  soybeans  selected 
from  1976  and  1977  trials  at  Gainesville,  FL. 
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Only  cultivar  did  well  in  both  plantings  and  both  years 
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and  the  former  the  least  in  the  second  planting.  Among  the  cultivars 
and  lines  used  in  this  study,  neither  the  earliest  nor  the  latest 
maturing  types  were  superior  in  seed  yields. 

Correlation  analysis  on  1977  data  revealed  that  seed  yields  were 
positively  correlated  with  length  of  flowering  period  ( * r ' = 0.35**) , 
length  of  pod  filling  period  ('r'  = 0.35**)  and  length  of  life  cycle 
('r'  = 0.37**)  and  for  the  increase  of  _ach  day  in  these  periods, 
respectively,  the  seed  yields  increased  by  61,  59  and  39  kg/ha  in 
first  planting  (Table  5).  Seed  yields  were  also  directly  related 
to  plant  heights  both  at  flowering  and  at  maturity  with  'r'  values 
of  0.27*  and  0.25*,  respectively.  Similar  relationships  were  also 
detected  in  all  cases  in  the  second  planting  except  plant  height  at 
flowering.  Periods  from  planting  to  flowering  which  were  mostly 
responsible  for  the  length  of  life  cycle  were  not  related  to  seed 
yields.  Again  one  of  the  known  strategies  for  increasing  soybean 
productivity  is  to  increase  the  length  of  pod  filling  period  (Orgen, 
1978)  which  is  directly  related  to  flowering  period.  If  part  of  the 
planting  to  flowering  period  could  be  transferred  by  breeding  to 
extend  flowering  and  pod  filling  periods,  then  the  growth  patterns 
of  soybean  could  be  engineered  to  provide  a more  efficient  seed- 
producing  plant.  However,  the  various  relationships  discussed  in 
this  paragraph  and  earlier  provide  potential  clues  for  breeders 
in  determining  their  course  of  action  in  improving  and  developing 
soybean  genotypes.  Weber  and  Moorthy  (1952)  suggested  that  selection 
for  high  oil  may  be  effective  by  choosing  plants  of  early  flowering 
and  a lengthened  period  from  flowering  to  maturity. 


Table  5.  Correlations  coefficients  between  yields  and  different  characteristics  and  predicted  equations 
on  yields  for  84  soybean  cultivars  or  lines  at  two  planting  dates  at  Gainesville,  FL  m 1 / . 
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The  growth  and  development  of  the  soybeans  during  1976  and  1977 
late-planting  seasons  were  good.  Plants  obtained  near  maximal  size 
for  the  planting  dates  on  mineral  soils.  July  and  August  planted 
soybeans  risk  early  frost  and  freeze  damage.  Radiation  frosts 
have  occurred  in  late  October  in  north  and  west  Florida.  At  similar 
latitudes  the  chances  of  a freeze  increases  throughout  the  month  of 
November.  Most  of  the  soybeans  in  the  first  planting  matured  on 
or  before  November  1 in  1977  but  many  did  not  mature  until  November 
10  in  the  second  planting  where  Jupiter  selection  reached  physio- 
logical maturity  on  November  16.  There  was  no  early  frost  in  1977 , 
but  in  1976  a frost  on  November  6 damaged,  respectively  7 and  19 
cultivars  in  the  first  and  second  plantings.  A freeze  10  days 
earlier  would  have  severely  damaged  many  entries  in  the  second 
planting. 

The  results  of  this  study  indicate  that  there  are  potential 
lines  in  the  test  materials  which  could  be  developed  as  cultivars 
for  use  as  a second  crop  in  warm  season  double  cropping  systems. 

In  addition  to  the  increased  production  per  unit  area,  soybean  as 
a late  planted  crop  offers  other  advantages.  Increased  protein 
content  (Cat tter  and  Hartwig,  1962)  and  improved  seed  quality 
(Abel,  1961  and  Osier  and  Cartter , 1954)  are  associated  with  late 
planting  due  to  seed  development  under  the  influence  of  lower 
temperature.  Moreover,  soybean  has  an  ability  to  yield  well  when 
planted  over  an  extended  time  period  which  permits  soybeans  to 
complement  other  crops  in  an  area  by  allowing  more  efficient  use 
of  the  operator's  labor  and  machinery  (Pendleton  and  Hartwig,  1976). 
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It  was  found  that  corn  in  a corn-soybean  rotation  yielded  about  seven 
bushels  more  than  continuous  corn  (Mulvaney  et  al.,  1973  and  Barber, 
1978) . But  late-planted  soybean  as  a second  crop  in  double  or 
triple  cropping  systems  must  be  planted  in  narrow  row  spacings 
(Yeager  et  al.,  1967;  Thurlow,  1971b  and  Harris  and  Stacy,  1961). 

The  yield  data  of  this  study  suggest  that  all  10  selected 
lines  in  Table  4 from  first  planting  and  especially  F73-9564, 

F71-1606  and  F73-5823  have  potentials  for  July  planting  in  double 
cropping  systems  in  the  tropical  anu  subtropical  regions.  They 
offer  promise  for  yields  higher  than  from  the  varieties  presently 
available  for  normal  planting.  Similarly,  F74-3510,  F74-9458  and 
F74-2122  can  be  used  for  later  planting  in  early  August.  F72-5823 
might  do  equally  well  in  both  late-July  and  early-August  plantings. 
However,  further  studies  on  the  promising  lines  are  necessary  prior 
to  recommending  one  or  more  of  them  for  commercial  use. 

Experiment  2.  Effect  of  plant  population  and  row  width  on 
the  yield  and  yield  components  of  sorghum 

Plant  height,  LAI,  panicle  length  and  grain  yield  as  influenced 
by  cultivars,  row  widths  and  plant  populations  are  shown  in  Table  6. 
With  the  increasing  plant  population,  LAI  and  panicle  length,  in- 
creased and  decreased,  respectively,  rather  consistently.  Plant 

2 

height  increased  with  populations  from  20  to  30  plants/m  and  re- 
mained the  same  with  further  increases  in  population;  whereas  the 
grain  yield  significantly  increased  with  populations  from  20  to  30 
plants/m  and  then  decreased  sharply  (Figure  3). 
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TE  Bird-A-Boo  II  reached  physiological  maturity  one  week  earlier 

than  Pioneer  B-815.  The  period  from  planting  to  flowering  was  72 

days  for  TE  Bird-A-Boo  II  and  76  days  for  Pioneer  B-815  and  the  GUD 

required  for  this  growth  phase  were,  respectively,  890  and  979.  For 

completing  the  life  cycle  (planting  to  black  layer  development)  the 

former  required  1,543  heat  units  (GDD)  whereas  the  latter  needed  1,700 

heat  units.  Raghunatha  (1977)  reported  that  there  was  a delay  in 

heading  by  1.3  days  by  increasing  population.  But  neither  the  row 

width  nor  the  plant  population  influenced  the  period  from  planting 

to  flowering  in  this  experiment.  Plant  height  at  maturity  was  114  cm 

for  Pioneer  B-815  and  92  for  TE  Bird-A-Boo  II.  The  plant  height  was 

highest  (105  cm)  with  61  cm  row  width  and  lowest  (101  cm)  in  rows  91 

2 

cm  apart  and  it  increased  from  101  at  20  plants/m  to  105  cm  at  30 
2 

and  40  plants/m  . Stickler  and  Yunis  (1966)  obtained  a significant 
interaction  for  height  X variety  and  height  X stand  density  but  little 
evidence  for  row-width  X plant  height  interaction.  They  concluded 
that  under  strong  competitions,  the  short  type  may  better  withstand 
the  effects  of  strong  competition  resulting  from  higher  plant  densities. 
Balanarasaiah  et  al.  (1972)  reported  that  the  higher  stover  yield  in 
higher  population  was  associated  with  significantly  taller  plants 
than  in  lower  population  and  the  stem  was  significantly  thinner  with 
higher  population  than  with  the  lower. 

Pioneer  B-815  produced  higher  LAl  (4.64)  than  TE  Bird-A-Boo  IT. 
(4.30).  Narrow  row  width  (41  cm)  resulted  in  the  highest  LAI  (5.00) 
as  compared  to  the  wider  row  widths  of  61  and  91  cm  where  the  LAI 
were,  respectively,  4.12  and  4.30.  This  was  probably  due  to  higher 
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competition  in  the  wider  row  width  as  higher  number  of  plants  were 
close  together  as  compared  to  lower  row  spacing  where  plants  were 
distributed  over  wider  area.  Umrani  and  Bhoi  (1977)  found  in  a stan- 
dard plant  density  of  100,000  plants/ha  planted  at  45  and  90  cm  rows 
that  total  root  growth  was  18%  higher  in  wider  spacing  because  of  the 
higher  competition  for  nutrients  among  the  plants  close  together 

as  compared  to  that  of  narrower  spacing.  LAI  increased  consistently 

2 2 

from  3.55  at  20  plants/m  to  5.36  at  40  plants/m  . The  rate  of 

2 

increase  in  LAI  was  0.15  for  increase  of  each  plant /m  (Y  = 0.53  + 
0.15X)  and  the  relationship  was  highly  significant  with  a ' r ' value 
of  0.95**  (Figure  4A) . Maunder  (1972)  indicated  that  in  wide  row 
spacings  (102  cm)  and  under  fairly  low  populations,  sorghum  will 
produce  a LAI  of  3.00  or  below.  Panicle  length  had  a tendency  to 
decrease  with  the  increasing  row  width  and  plant  population  due  to 
increased  plant  competition.  Higher  soil  fertility  and  lower  plant 
population  were  found  t:o  promote  a longer  panicle  through  the  increase 
in  rachis  inter node  length  and  number  of  internodes,  respectively 
(Blum,  1967). 

The  grain  yields  were  3,930  and  3,640  kg/ha,  respectively, 
from  Pioneer  B-815  and  Bird-A-Boo  II.  These  yields  were  very  low 
when  compared  to  those  obtained  by  Green  (1973,  1977a)  and  were  prob- 
ably due  to  low  temperature  at  early  stages  of  growth  because  of 
early  planting  (March  22)  and  weed  competition.  Due  to  stunted 
growth  induced  by  low  temperatue,  the  sorghum  plants  could  not  quickly 
cover  the  soil  surface  and  the  weed  growth  was  profuse  in  many  plots. 
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LAI 


T/ha 


Figure  4. 


Relationship  of  plant  populai  Lon  with  LAI 
(A)  and  grain  yield  (B)  in  sorghum. 
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The  weed  control  was  not  complete  under  the  high  level  of  mechani- 
zation. Changes  in  row  width  did  not  significantly  affect  the 
grain  yield.  However,  the  highest  amount  of  grain  (4,020  lcg/ha) 
was  obtained  from  the  narrowest  row  width  (41  cm)  followed  by 
3,760  and  3,580  kg/ha,  respectively,  for  91  and  61  cm  rows.  A 
progressive  reduction  in  grain  yields  in  a linear  pattern  occurred 
as  row  widths  narrowed  from  120  cm  to  25  cm  (Robinson  et  al. , 1964; 
Chamy  and  Balasubramaniam,  1970).  Karchi  and  Rudich  (1966)  and 
Stickler  and  Wearden  (1965)  concluded  thaL  yield  superiority  of 
sorghum  hybrids  in  narrow  rows  with  wide  intrarow  seedling  spacings 
was  due  primarily  to  increased  number  of  heads  per  unit  area. 

As  a contrast,  Chandravanshi  (1976)  in  India  did  not  find  any 
significant  difference  in  yields  in  a range  of  row  spacings  from 
45  to  125  cm. 

The  grain  yieid  (4,130  kg/ha)  was  significantly  highest  from 

2 2 
30  plants/m“  followed  by  3,630  lcg/ha  for  40  plants/m  with  the 

2 

lowest  (3,550  kg/ha)  for  20  plants/m  . Fischer  and  Wilson  (1975) 
and  Mane  et  al . (1977)  also  claimed  that  grain  yields  were  signifi- 
cantly increased  with  the  increase  in  plant  density,  respectively, 

from  14,350  to  645,830  and  45,000  to  180,000  plants/ha.  Fischer 

-2  -1 

and  Wilson  obtained  the  highest  yield  of  15.5  g m day  of  crop 

life  of  91  days  from  645,830  plants/ha  whereas  in  this  experiment 

2 

the  highest  yield/m~/day  was  4.13  g from  300,000  plants/ha.  As 
against  these  findings,  Reddy  and  Murty  (1977)  did  not  detect  any 
differences  in  yields  in  a number  of  population  treatments  from 
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45,000  to  180,000  plants/ha  and  Rao  et  al.  (1976a)  got  lowest  yield 
at  the  highest  population  due  to  decrease  in  panicle  and  100  seed 
weight  and  increased  lodging. 

Regression  analysis  revealed  that  the  grain  yield  was  curvilin- 

early  related  to  plant  population  and  the  associated  LAI  (Y  = 1759  + 

132X  - 2X  ) with  a significant  R value  of  0.82*  (Figure  4B) . The 

grain  yield  was  increased  by  132  kg/ha  for  the  increase  of  each 

plant/m'1'  from  20  plants/m  with  a LAI  of  3.55  to  30  plants/in 

having  a LAI  of  4.51  and  then  decreased  by  2 kg/ha  for  further 

2 2 

increase  of  each  plant/m  to  40  plants/m-  with  a LAI  of  5.36.  A 
similar  curvilinear  relationship  between  grain  yield  and  leaf  area 
was  found  by  Stickler  and  Pauli  (1961).  It  was  observed  that  lack 
of  uniformity  in  heading  and  maturity  among  tillers  in  a plot 
increased  with  the  increasing  plant  population  creating  a harvest 
problem  and  increasing  harvest  loss.  Ross  (1977)  stated  that  100,000 
and  150,000  plants/acre  would  be  too  thick  and  plants  would  have 
small  heads,  lack  of  uniformity  and  probably  run  into  harvesting 
problems.  He  indicated  that  lower  population,  rather  than  have 
plants  crowded  together , will  give  all  around  better  results  as  the 
sorghum  plant  has  an  amazing  capacity  to  sucker.  But  the  grain 
yield  of  the  late-maturing  hybrid  was  highest  under  the  low  plant 
density  and  that  of  an  early-maturing  hybrid  was  highest  under  the 
high  plant  density  (Blum,  1970).  However,  the  remarkable  constancy 
of  sorghum  yield  from  widely  different  stand  densities,  as  appeared 
in  the  above  discussion,  probably  resulted  from  intercompensation 


72 


among  yield  components,  particularly  heads/unit  area  and  seeds/head. 
Similar  views  were  expressed  by  Stickler  and  Wearden  (1965). 

For  developing  profitable  intercropping  systems,  Reddi  and 
Reddy  (1976a)  and  Bapat  et  al.  (1976),  respectively,  suggested  60 
and  90  cm  row  widths  for  sorghum  in  India.  Murty  and  Reddy  (1977) 
indicated  that  row  width  of  sorghum  can  be  extended  to  60  cm  for 
developing  suitable  intercropping  systems  without  sacrificing  the 
grain  yield  of  the  base  crop,  sorghum.  An  additional  benefit  of 
raising  suitable  intercrops  between  row  crops  of  sorghum  could  be 
a higher  monetary  return  to  the  farmers  growing  a rainfed  sorghum 
crop  in  the  humid  tropics. 

From  the  above  discussion,  sorghum  seems  to  have  a great 
elasticity  to  adjust  itself  in  a wide  range  of  row  widths  and  plant 
densities  and  produce  high  yield  under  varied  conditions.  Due  to 
its  potential  elasticity,  it  could  be  an  excellent  component  of 
multiple  cropping  systems  in  the  tropics.  Intercrops  of  sorghum 
in  areas  having  distinct  six-month  wet  and  dry  cycles  will  make 
better  use  of  residual  moisture  and  nutrients  in  the  soil. 

Experiment  3.  Effect  of  plant  population  and  row  width  on 
the  yield  and  yield  components  of  sunflowers 

Effects  of  cultivars,  row  widths  and  plant  populations  on  plant 
height,  number  of  leaves  per  plant,  LAI,  diameter  of  stem  above  1.2th 
leaf,  diameter  of  head,  100-seed  weight  and  seed  yield  are  shown  in 


Table  / . 


Table  7.  Effect  of  cultivars,  row  width  and  plant  population  on  the  seed  yield  and  yield  components 
of  sunflowers,  Gainesville,  FL  in  1977. 
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*Seed  yields  not  followed  by  the  same  letter  are  significantly  different  at  5%  level. 


74 


The  plant  height,  LAI  and  seed  yield  consistently  increased 

(Figure  5)  with  the  increase  in  plant  population.  Interstate  891 

produced  the  tallest  plant  (175  cm)  followed  by  Sun-Hi  304  (171  cm) 

and  Cargill  204  (169  cm) . Plant  height  had  a tendency  to  be  higher 

with  increased  row  widths.  With  increasing  plant  populations  the 

plant  height  increased  consistently  from  163  cm  at  4 plants/m2  to 

181  cm  at  8 plants/m  . This  relationship  was  highly  significant 

(r  _ 0. 75**) . Plant  height  increased  by  4.69  cm  for  increase  of 
2 

each  plant/m  (Table  8).  Robinson  et  al.  (1976)  also  reported  that 
plant  height  increased  with  increased  plant  density.  But  Karami 
(1977)  found  that  plant  height  decreased  slightly  with  increasing 
plant  population.  Diameter  of  stem  decreased  significantly  (r  = 
-0.84**)  by  0.18  cm  for  the  increase  of  each  plant/m2  (Table  8). 

Plants  at  highest  population  were  observed  to  be  more  susceptible 
to  lodging  due  to  thinner  stems  when  compared  to  lowest  population. 
Diameter  of  stem  did  not  differ  much  due  to  either  cultivar  or  row 
width. 

LAI  increased  dramatically  with  the  increases  in  plant  population 
and  the  effect  of  cultivar  and  row  width  was  very  small.  LAI 
increased  from  3.35  at  4 plants/m2  to  7.49  at  8 plants/m2.  Corre- 
lation analysis  revealed  that  IAI  was  increased  by  1.04  for  the 
increase  of  each  plant/m  (Figure  6)  and  the  relationship  was  highly 
significant  (r  = 0.94**).  Similar  results  were  obtained  by  Vicherkova 
and  Souckova  (1976)  and  Srinivas  and  Palit  (1977)  who  also 
stated  that  dry  matter  production  increases  with  increasing  LAI. 
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Figure  5.  Effect  of  plant  population  on  plant  height,  leaf 
area  index  (LAI)  and  seed  yield  of  sunflowers. 
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Table  8.  Correlation  coefficients  and  predicted  regression  equations 
between  various  measurements  in  sunflowers  grown  at 
Gainesville,  FL  in  1977. 


Factors  Related 
(Dependent  vs  Independent) 

Predicted  Regression  Equation 

Correlation 
coefficient 
'r'  values 

Plant  height  (cm) 
vs  population 

Y = 144.75 

+ 4.69X  (X=plants/m^) 

+0.75** 

Diameter  of  stem  (cm) 
vs  population 

Y = 3.34  - 

0.18X 

2 

(X=plants/m  ) 

-0.84** 

Seed  yield  (kg/ha) 
vs  LAI 

Y = 1840  + 

122X 

(X=LAI) 

+0.85** 

Seed  yield  (kg/ha) 
vs  diameter  of 
stem  (cm) 

Y = 4260  - 

722X 

(X=cm) 

-0.87** 

Seed  yield  (kg/ha) 
vs  diameter  of 
head  (cm) 

Y = 4032  - 

85X 

(X=cm) 

-0.84** 

**Signif leant  at  the  1%  level. 
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Figure  6.  Correlation  of  plant  population  with  seed  yield 
and  LAI  in  sunflowers. 
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Wassink  and  Van  Den  Noort  (1976)  found  a LAI  of  13.2  from  a solitary 
sunflower  plant  and  indicated  that  LAI's  will  range  from  three  to 
foui  in  close  planting  under  field  conditions. 

Both  diameter  of  head  and  stem  and  100-seed  weight  decreased 
sharply  with  the  increasing  plant  population  (Figure  7).  This  re- 
sult substantiates  the  finding  of  Karami  (1977)  that  closer  plant 
spacing  resulting  in  higher  plant  density  reduced  the  diameter  of 
head  and  1000-seed  weight  in  'Record'  cultivar  of  sunflower  in  Iran. 
For  each  increase  of  one  plant/m  , the  diameter  of  head  and  100- 
seed  weight  were  decreased  by  1.42  cm  and  0.20  gm,  respectively, 
with  'r'  values  of  -0.96**  and  -0.64**  (Figure  8)  which  were  signi- 
ficant at  1%  level.  These  phenomena  demonstrate  the  increased 
intraspecific  competition  of  the  plant  for  nutrients,  water,  CO2 
and  solar  radiation  with  increasing  population  which  resulted  in 
the  smaller  heads  and  lighter  seeds. 

Even  with  an  adequate  supply  of  nutrients  and  water,  radiant 
energy  may  become  a limiting  factor  at  high  plant  population.  With 
increasing  plant  population,  leaf  surface  area  will  increase  but 
the  potential  leaf  area  for  photosynthesis  may  not  increase  beyond 
a particular  point  due  to  mutual  shading  of  leaves.  Working  on 
sunflower,  Varghese  et  al.  (1976)  found  a significant  decline  in 
leaf  efficiency  for  photosynthesis  at  LAI  beyond  2.78  with  a resul- 
tant decrease  in  net  assimilation  rate  (NAk)  per  unit  of  photosyn- 
thesizing  tissue.  However,  the  mutual  shading  effect  will  be 
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figure  7.  til  tect  of  plant  population  on  the  diameter  of  stem 
and  head  and  10(3  seed  weight  of  sunflowers. 
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figure  8.  Correlation  of  plant  population  with  diameter 
of  head  and  100  seed  weight  in  sunflower. 


minimum  in  varieties  which  can  change  their  orientation  in  relation 
to  incoming  light  because  of  much  higher  mobility  of  leaf  blade  or 
petiole  as  compared  to  those  in  which  leaf  orientation  remains 
relatively  constant  (Klimov  et  al.  , 1977).  Different  cultivars 
and  row  widths  had  a very  small  effect  on  100— seed  weight  and  no 
effect  at  all  on  diameter  of  head.  High  population  plants  have  the 
advantage  of  small  heads  that  remain  upright  and  dry  faster  than 
large  heads.  The  large  heads  at  low  populations  will  dry  slowly 
and  may  create  a harvest  problem  particularly  ac  high  humidity 
(Robinson  et  al . , 1976). 

the  calendar  days  and  GDD  required  by  each  cultivar  from 
planting  to  flowering  and  planting  to  physiological  maturity  (life 
cycle)  are  presented  in  Table  9.  The  GDDs  from  planting  to  flowering 
were  2,885,  2,789  and  2,837,  respectively,  for  Interstate  891,  Sun- 
Hi  304  and  Cargill  204  under  Gainesville  conditions.  These  heat 
units  were  very  high  as  compared  to  1,331  t 76  for  'Sunfola  68' 
variety  of  sunflower  obtained  by  Keefer  et  al.  (3  97 6 ) in  Australia. 
Magoon  and  Culpepper  as  cited  by  Wilsie  (1962)  found  that  corn  grown 
in  Maine  and  New  York  required  a far  smaller  heat  unit  summation 
than  the  same  corn  grown  in  Virginia,  indicating  the  important 
influence  of  day  length,  insolation  and  possibly  the  respiration 
of  the  plant. 

interstate  891,  Sun-Hi  304  and  Cargill  204  required  4,340, 

4,039  and  4,241  GDD,  respectively,  to  complete  their  life  cycles. 
Determination  of  GDD  required  at  a particular  location  is  extremely 
important  in  forecasting  maturity  date  of  sunflower  and  including 
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Table  9.  Calendar  days  and  growing  degree  days  (GDD)  from  planting 
to  flowering  and  planting  to  maturity  (life  cycle)  for 
three  sunflower  cultivars,  Gainesville,  FL  in  1977. 


Cultivar 

Days  from  planting 
to  flowering 

Length 

of  life  cycle 

Calendar 

days 

GDD 

Calendar 

days 

GDD 

Interstate  891 

79 

2385 

111 

4340 

Sun-Hi  304 

77 

2789 

105 

4039 

Cargill  204 

78 

2837 

109 

4241 
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it  in  a double  cropping  system  especially  in  areas  where  the  cropping 
season  is  limited  by  low  temperature. 

Seed  yield  of  2,750  kg/ha  from  the  highest  population  of  8 
2 

plants/m  was  the  significantly  highest  followed  by  2,510  kg/ha  from 
2 

6 plants/m  and  2,240  kg /ha  from  4 plants/m2.  Similar  results  were 

obtained  by  Zubriski  and  Zimmerman  (1974)  and  Massey  (1971).  In  India, 

seed  yield  increased  as  population  increased  from  2.0  to  6.7  plants/m2 

and  then  decreased  as  population  increased  up  to  20.1  plants/m2 

(Vijayalaksluni  et  al.  , 1975).  Yield  differences  were  found  also  by 

Johnson  and  Merchant  (1973)  among  populations  between  2.5  and  7.2 
2 

plants/m  in  Georgia.  Under  sprinkler  irrigation  in  California,  yields 
increased  slightly  as  population  decreased  from  48.0  to  5.5  plants/m2 
(Lehman  et  al. , 1973).  Whereas  Alessi  et  al.  (1977)  obtained  highest 
yield  for  the  lowest  population  from  a range  of  2.5  to  10  plants/m2. 
From  the  above  results,  it  is  very  difficult  to  come  to  a decisive 
conclusion  as  to  the  effect  of  plant  population  on  seed  yield. 

However,  the  highest  seed  yield  from  the  highest  population  can  be 
attributed  to  increased  LAI  and  number  of  heads  per  unit  area. 

A direct  correlation  was  established  between  the  magnitude  of 
the  yield  and  leaf  surface  area  by  Rubin  et  al . (1975).  Likewise, 
seed  yields  were  increased  by  167  and  122  kg/ha,  respectively,  due 
to  each  increase  of  one  plant/m2  and  each  unit  of  LAI  (Figure  6 
and  Table  8)  in  Lhls  experiment.  The  relationships  were  highly 
significant  at  1%  level  with  'r*  values  of  0.66**  and  0.85**. 
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Tsvetkova  (1977)  reported  that  'Peredovik'  sunflower  produced 
highest  seed  yields  of  high  quality  with  a leaf  area  of  25,000  m2/ha 
(L41  - 2.50).  Similar  results  were  obtained  by  Srinivas  and  Palit 
(1977),  who  also  found  that  the  higher  the  LAI,  the  higher  the  seed 
yield. 

As  the  diameter  of  stem  and  head  increased  with  decreasing 
plant  populations,  the  seed  yields  dropped  sharply.  For  each  unit 

in  diameter  of  stem  and  head  the  seed  yields  were  decreased 
by  772  and  85  kg/ha,  respectively,  indicating  the  significant 
relationships  ( r values,  -0.87**  and  -0.84**)  between  them  (Table 
8).  However,  the  negative  effect  of  increasing  plant  population 
on  diameter  of  stem,  head  and  100— seed  weight  was  balanced  and 
superceded  by  the  number  of  heads  per  unit  area  in  producing  higher 
seed  yield  at  higher  plant  population. 

Interstate  891  produced  the  most  seed  yield  (2,670  kg/ha) 
followed  by  Cargill  204  (2,460  kg/ha)  and  Sun-Hi  304  (2,380  kg/ha) 
with  no  significant  difference  among  them.  In  a similar  trial 
earlier,  Interstate  891  produced  the  highest  yield  as  compared  to 
others  (Green,  1977b).  Neither  the  r >w  widths  nor  the  interaction 
between  row  width  and  plant  population  had  any  significant  effect 
on  seed  yield.  In  tall  culLivars,  seed  yield  was  not  affected  by 
spacing  between  or  within  rows  (Pacucci  and  Martignano,  1975)  but 
significant  Interactions  between  populations  and  row  widths  on  seed 
yield  occurred  in  two  trials  out  of  eleven  in  Minnesota  (Robinson 
et  al.  , 1976). 
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Data  on  oil  yield  and  fatty  acid  composition  are  presented  in 
Table  10.  Oil  yield  was  highest  (1,200  kg/ha)  for  Interstate  891 
followed  by  Sun-Hi  304  (1,100  kg/ha)  with  the  lowest  for  Cargill 
(1,0')0  kg/ha).  Total  oil  on  dry  basis  was  maximum  (46.4%)  from 
Sun-Hi  304  and  minimum  (44.3%)  in  Cargill  204.  All  the  cultivars 
produced  about  91%  unsaturated  fatty  acids  mainly  oleic  (18:1) 
and  lenoleic  (18:2)  acids  which  are  very  important  components 
as  far  as  the  quality  of  edible  oil  is  concerned.  The  ratio 
(12:1)  of  unsaturated  to  saturated  fatty  acids  was  quite  high 
making  it  highly  desirable  as  an  edible  oil  ilt  the  light  of  evidence 
in  linking  saturated  fats  to  high  blood  cholesterol  and  associated 
incidence  of  heart  disease  (Vergoessen,  1970).  The  percentage 
of  lenoleic  acid  content  ranged  from  49.0  to  54.0.  This  indi- 
cates that  such  oil  would  be  ideal  as  an  edible  oil  from  the 
stability  and  flavor  aspect  as  indicated  by  Robertson  (1975). 
However,  the  degree  of  unsaturation  of  sunflower  oil  has  been  found 
to  be  largely  dependent  on  the  climatic  conditions  during  the 
growing  season  (Kinman  and  Earle,  1964).  Increasing  the  plant 
density  from  1.0  to  4.0  plants/in2  increased  oil  content  and  pro- 
tein content  (Stoyanova  et  al. , 1975).  Similarly,  Robinson  et 
al.  (1976)  reported  that  oil  percentage  decreased  as  population 
increased.  But  there  are  also  available  example  showing  that 
the  average  seed  oil  content  was  highest  at  48.98%  for  the  lowest 
population  of  1.67  plants/m2  in  a range  of  population  treatments 
up  to  8.0  plants/m2  (Leocov,  1977).  However,  the  data  presented 


Table  10.  Gil  yield  and  fatty  acid  composition  of  three  sunflower  cultivars,  Gainesville,  FL  in  1977. 
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and  discussion  above  suggest  that  Interstate  891  with  the  highest 
population  of  8.0  plants/m  would  be  the  best  choice  under  tropi- 
cal conditions  and  may  be  planted  with  any  spacing  between  rows 
that  is  convenient  up  to  91  cm. 

4.  Intercropping  Peanut,  Pigeonpea 

and  Sweet  Potato  in  Corn 

Corn 

Analysis  of  variance  did  not  detect  any  interaction  between 
corn  hybrids  and  intercrops  on  the  grain  yield  of  corn.  This  indi- 
cates that  the  intercrops  did  not  compete  with  corn  during  their 
early  stages  of  growth  and  thus  did  not  affect  corn  yields.  When 
legumes  were  grown  in  corn,  Banta  and  Harwood  (1975)  also  found 
very  little  reduction  in  corn  yield. 

The  mean  grain  yield,  ears/plant,  plant  height,  LAI  and  the 
length  of  life  cycle  of  three  corn  hybrids  as  influenced  by  plant 
Populations  are  shown  in  Table  11.  The  effect  of  plant  population 
on  the  average  plant  height,  LAI,  ears  per  plant  and  grain  yield 
of  three  corn  hybrids  are  presented  in  Figure  9.  The  highest  grain 
yield  was  obtained  from  McNair  508  (7,240  kg/ha)  at  4.8  plants/m2 
followed  by  Pioneer  3369A  (7,150  kg/ha)  at  4.8  plants/m2  and  Pioneer 
3780  (6,970  kg/ha)  at  7.2  plants/m2.  The  grain  yields  from  Pioneer 
3780  and  Pioneer  3369A  at  4.8  and  7.2  plants/m2  were  significantly 
higher  than  those  at  2.4  plants/m2.  Productivity  of  the  above  two 
hybrids  at  4.8  and  7.2  plants/m2  did  not  differ  statistically. 

McNair  508  produced  significantly  higher  yield  at  4.8  plants/m2 
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Table  11.  The  plant  height  at  maturity,  leaf  area  index,  number  of 
ears  per  plant  and  grain  yield  for  three  corn  hybrids 
grown  at  three  plant  populations,  Gainesville,  FL  in  1977. 


Hybrid 

(maturity) 

Corn 

population 

Plant 

height 

LAI 

Ears/ 

plant 

Grain 

yield 

Life  cycl 
Calendar 
days 

e 

GDD 

(plants/m2) 

(cm) 

(No.) 

(kg /ha) 

Pioneer  3780 

2.4 

243 

1.50 

1.52 

4740  b* 

109 

2515 

(early) 

4.8 

255 

2.89 

1.02 

6830  a 

7.2 

254 

4.34 

0.96 

6970  a 

Average 

251 

2.91 

1.17 

6180  A 

Pioneer  3369A 

2.4 

267 

1 . - 5 

1.19 

4770  j 

121 

2857 

(medium) 

4.8 

279 

3.34 

1.01 

7150  i 

7.2 

274 

4.52 

1.00 

6490  i 

Average 

273 

3.20 

1.07 

6140  A 

McNair  503 

2.4 

239 

2.79 

1.22 

5890  m 

133 

3206 

(late) 

4.8 

3G6 

5.24 

1.18 

7240  1 

7.2 

296 

7.42 

0.91 

5510  m 

Average 

297 

5.15 

1.10 

6210  A 

"';Corn  yield  not  followed  by  the  same  letter  are  significantly  different 
at  5%  level 
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Figure  9.  Effect  of  plant  population  on  the  plant  height,  leaf  area 
index  (LAI),  ears  per  plant  and  grain  yield  of  corn. 
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as  compared  to  2.4  and  1.2  plants/m  , but  its  yields  were  not 
significantly  different  at  the  lowest  and  the  highest  plant  popu- 
lations. The  Duncan  Multiple  Range  Test  (Table  12)  on  corn  grain 

yields  of  different  treatment  combinations  indicated  that  Pioneer 

2 

3369A  at  4.8  plants/m  with  Florunner  peanut  at  46  cm  row  spacing 
as  intercrop  produced  the  highest  amount  of  grain  (7,820  kg/ha). 

But  this  yield  was  not  significantly  different  from  17  other  treat- 
ment combinations  out  of  the  24.  Further,  no  pure  stand  hybrid 

2 

corn  plot  at  4.8  plants/m  produced  significantly  higher  grain 
yield  when  compared  to  those  with  intercrops.  This  clearly  demon- 
strates that  the  intercrops  had  little,  if  any,  effect  on  the  yield 
of  cor ii.  Intercrop  row  spacings  of  46  and  91  cm  did  not  make  any 
difference  in  corn  yield,  but  all  corn  hybrids  at  the  lowest  popu- 
lation (2.4  plants/m  ) produced  significantly  lower  yields  than 
the  others. 

In  general,  the  corn  yields  were  lower  than  those  of  the 

previous  year  obtained  from  the  same  hybrids  (Akhanda  et  al.,  1978). 

Ihe  lower  yield  was  probably  due  to  extremely  dry  weather  during 

the  growing  season  of  1977  at  Gainesville  as  compared  to  1976 

(Appendix  Table  7).  However,  the  regression  analysis  revealed  a 

curvilinear  relationship  (Y  = 582  + 2446X  - 299X2;  R2  = 0.64**) 

between  plant  populations  and  grain  yields  (Figure  10).  This 

indicates  that  the  increase  in  plant  population  from  2.4  to  4.8 
2 

plants/m  increased  the  grain  yields  by  2,446  kg/ha  for  each  in- 

2 

crease  of  one  plant /m  and  then  decreased  by  229  kg/ha  for  each 

O r\ 

further  increase  of  one  plant/m  beyond  4.8  plants/m  . 


Table  12.  Yield  of  the  main  corn  crop  and  different  intercrops  in  corn  at  Gainesville,  FL  in  1977  . 
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yield  not  followed  by  the  same  letter  are  significantly  different  at  5%  level, 
yield  of  sweet  potato, 
e yield  (dry  matter) . 


Grain  T/ha 


7. 


6. 


6. 


5, 


4 6 

Plants  /rn2 


8 


Figure  10.  Correlation  between  plant  population  and 
grain  yield  in  corn. 
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Variation  in  plant  population  had  a marked  effect  on  LAI  and 
ears/plant  but  little  effect  on  plant  height  (Figure  9).  However, 
the  plant  height  tended  to  be  higher  with  increasing  population. 

The  LAI  consistently  increased  with  increasing  plant  population. 

It  ranged  from  1.05  to  7.42  and  the  late  maturing  hybrid  produced 
higher  LAI  as  compared  to  early  and  medium.  With  the  increase  of 
each  plant/m  LAI  was  increased  by  0.71  (Y  = 0.66  + 0.71X;  r = 0.72**) 
and  the  relationship  was  highly  significant  (Table  13).  Earley 
(1965)  reported  that  LAI  increased  from  0.7  to  2.9  when  the  plant 
population  was  increased  from  9,880  to  93,900  plants/ha.  Unlike 
LAI,  ears  per  plant  sharply  decreased  with  increasing  plant  popu- 
lation indicating  that  the  higher  the  LAI  the  lower  the  ears  per 
plant'  relationship.  Ears  per  plant  decreased  by  0.07  with  the 
increase  of  each  plant/m2  (Y  = 1.14  - 0.07X;  r = -0.71**)  as  shown 
in  Table  13.  Similar  relationships  in  corn  were  reported  by  Duncan 
(1958)  and  later  confirmed  by  Brown  et  al.  (1970).  The  percentage 
of  barren  stalks  increased  with  the  increases  in  plant  population. 
Alessi  and  Power  (1974)  found  that  number  of  barren  stalks  increased 
and  ear  weight  decreased  as  population  increased.  The  grain  yield 
had  a tendency  to  increase  with  the  increasing  LAI  whereas  the 
yield  significantly  decreased  with  the  increase  in  ears/plant  as 
population  decreased  (Tatle  13).  However,  the  negative  effect  of 
high  populations  on  ears/plant,  ear  weight  and  bearing  stalks  was 
compensated  by  increased  numbers  of  ears  per  unit  area  in  producing 
higher  yields  at  higher  population. 


94 


Table  13. 


Correlation  coefficients  and 
between  various  measurements 
FL  in  1977. 


predicted  regression  equations 
in  corn  grown  at  Gainesville, 


Correlation 

Factors  related  coefficient 

(Dependent  vs  Independent)  Predicted  regression  equation  'r'  values 

LAI 


vs  plant  population 

Y = 0.65  + 0.71X 

(X=plants/m~) 

+0.72** 

Ears/plant 

vs  plant  population 

Y = 1.41  - 0.07X 

(X=plants/m2) 

-0.71** 

Grain  yield  (kg/ha) 
vs  LAI 

Y = 6290  -1  122X 

(X-plants/m^) 

+0.18 

Grain  yield  (kg/ha) 
vs  ears/plant 

Y = 10185  - 3990  X 

(X=ears/plant) 

-0.51* 

* 


, respectively,  significant  at  5%  and  1%  level 
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As  plant  population  increases,  the  intraspecific  competition 
between  corn  plants  becomes  more  intense  mainly  for  soil  nutrients, 
water  and  light.  Prine  and  Schroder  (1964)  stated  that  inadequate 
light  is  an  important  factor  affecting  ear  number  and  grain  yield 
per  plant  as  population  increases.  Earley  et  al.  (1966)  found  a 
significant  decrease  in  grain,  stover,  protein  and  total  oil  in 
corn  as  light  was  decreased.  Light  was  probably  the  main  limiting 
factor  which  decreased  the  grain  yield  beyond  4.8  plants/m  . It 
was  found  that  the  GDD  or  heat  uuj.cs  required  from  planting  to 
maturity  (black  layer  development)  were  2,515,  2,857  and  3,206, 
respectively,  by  Pioneer  3780,  Pioneer  3369A  and  McNair  508  corn 
hybrids.  These  GDD  values  were  very  close  to  those  (2,250,  2,380 
and  3,180)  obtained  by  Guilarte  et  al.  (1975)  for  the  respective 
hybrids  at  the  same  location  earlier. 

ihe  above  discussion  suggests  that  for  subtropical  regions 
such  as  in  north  central  Florida,  early-  and  medium-maturing  corn 
hybrids  rather  than  late-maturing  ones  should  be  planted  at  high 
population. 

Intercrops 

Data  on  yields  of  intercrops  along  with  corn  yields  at  various 
treatment  cominations  are  presented  in  Table  12.  In  general,  the 
yielos  of  all  intercrops  were  very  low  indicating  the  tremendous 
shading  effect  of  corn  on  them.  Similar  results  were  also  obtained 
by  banta  and  Harwood  (1975);  Agboola  and  Fayemi  (1971). 
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The  comparative  yields  of  peanuts  and  sweet  potato  as  intercrops 
and  sole  crops  are  shown  in  Table  14.  Early  Bunch  peanut  yield  was 
reduced  from  3,360  kg/ha  as  pure  stand  to  600  kg/ha  only  as  intercrop 
and  thus  the  yield  reduction  was  82%.  Similarly,  Alabama  Nugget 
sweet  potato  yield  decreased  from  12,770  kg/ha  as  pure  stand  to  2,230 
kg/ha  as  intercrop  indicating  a yield  loss  of  83%.  Red  Jewel  sweet 
potato  produced  12,590  kg/ha  as  sole  crop  and  1,230  kg/ha  as  inter- 
crop incurring  90%  loss  in  root  yield  due  to  shading  by  adjacent  corn 
plants.  Pod  yields  of  different  peanut  cultivars  as  intercrops  and 
sole  crops  ranged,  respectively,  from  200  to  600  and  920  to  3,360 
kg/ha . 

Establishing  proper  plant  stands  of  intercrops  under  the  cover 
of  corn  canopy  was  difficult.  The  low  yields  of  intercrops  are 
attributed  to  insufficient  light  penetration  through  the  corn 
canopy,  poor  weed  control  and  inadequate  control  of  insects  and 
diseases.  Leaf  spot  and  spider  mite  (Tetranychus  sj). ) were  serious 
problems.  It  was  extremely  difficult  to  reach  the  intercrop  plants 
thickly  covered  by  corn  leaves  with  pesticides  sprayed  by  mechanized 
commercial  tractor  sprayer  . Proper  pest  control  may  be  possible 
with  indigenous  methods  of  intercul tural  operations  under  labor- 
intensive  cropping  system  rather  than  a high  level  of  mechanization. 

Dry  matter  production  of  soybean  increased  as  leaf  area  increased 
up  to  a LAI  g£  3.2  and  was  directly  proportional  to  the  amount  of 
light  absorbed  (Shiblea  and  Weber,  1965)  Streeter  et  al . (1975) 
stated  that  plants  which  were  shaded  for  two  weeks  at  various  stages 
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Table  14.  Comparative  yield  of  peanut  and  sweet  potato  as  intercrops 
in  medium-maturing  corn  at  4.8  plants/nr  and  as  pure  stand 
at  Gainesville,  FL  in  1977. 


Intercrop 

Intercrop 

yield 

Yield  as 
pure  stand 

Crops 

Row  spacing 

(cm) 

(kg/ha) 

(kg/ha) 

Florunner  peanut 

91 

330 

1900 

Florunner  peanut 

46 

310 

1710 

Dixie  Runner  peanut 

91 

210 

920 

Dixie  Runner  peanut 

46 

200 

1200 

Early  Bunch  peanut 

91 

280 

1860 

Early  Bunch  peanut 

46 

600 

3360 

Alabama  Nugget  sweet  potato 

91 

2230 

12770 

Red  Jewel  sweet  potato 

91 

1230 

12590 
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of  growth  retained  fewer  flowers  and  pods  than  unshaded  ones.  Tao 
(1975)  found  that  transpiration  of  soybean  intercropped  with  corn 
was  about  50%  less  than  that  of  a pure  stand.  These  evidences 
suggest  that  changes  in  the  micro-environment  under  the  corn  canopy 
were  responsible  for  low  yields  and  poor  performances  of  all  the 
crops  relay  interplanted  in  corn. 

Peanut 

Pod  yields  of  different  peanut  cultivars  in  different  treatment 

combinations  ranged  from  160  to  630  kg/ha  (Table  14).  The  highest 

yield  was  630  kg/ha  from  Florunner  planted  in  medium-maturing  corn 
2 

at  7.2  plants/ru“.  On  the  average,  Florunner  produced  381  kg/ha  of 
pods  followed  by  Early  Bunch  (377  kg/ha)  and  Dixie  Runner  (303  kg/ha). 
Double  rows  46  cm  apart  between  corn  rows  produced  comparatively 
higher  pod  yields  in  case  of  Early  Bunch  and  Dixie  Runner  when  com- 
pared to  single  row  91  cm  apart;  whereas  it  was  the  reverse  in  case 
of  Florunner.  The  data  on  peanut  yields  did  not  indicate  any  trend 
as  to  whether  higher  corn  populations  reduced  peanut  yields  or  not. 

An  IRR1  (1973)  report  showed  that  seed  yields  of  intercropped  peanut 

decreased  linearly  when  corn  population  was  ucreased  from  2 to  6 
2 

plants/m  . Similar  results  were  also  reported  by  Koli  (1975) . In 
general,  pod  yields  were  very  low  probably  due  to  very  dry  weather 
in  the  1977  growing  season  which  was  unusual  (Appendix  Table  7), 
high  incidence  of  weeds,  leaf  spot  and  spider  mite.  Varnell  et  al . 
(1976)  found  that  competition  from  grasses  in  the  second  half  of 
the  season  reduced  peanut  yields.  At  the  time  of  germination  of 
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peanut,  it  was  observed  that  Early  Bunch  was  damaged  by  raccoon 
more  than  Florunner  and  Dixie  Runner  probably  due  to  either  larger 
seed  or  better  taste  of  the  former  than  the  others. 

In  an  earlier  study,  Mauco  (1977)  found  that  pod  yields  and 
percentage  of  seed  in  pod  were  higher  in  Florunner  than  Dixie  Runner 
peanuts  interplanted  in  corn.  In  a range  of  corn  population  treat- 
ments and  two  interplanting  dates,  peanut  produced  higher  yields  at 

2 

lowest  population  (2.4  plants/m  ) and  in  early  interplanting.  In 
this  experiment,  there  were  a large  number  of  small  and  partially 
filled  pods  observed  at  harvest  time  in  all  three  cultivars  inside 
the  corn  indicating  a wider  range  of  pod  maturity  than  commonly  found, 
but  there  was  no  yield  advantage  when  harvesting  was  delayed  in  a 
similar  study  earlier  (Mauco,  1977).  Duncan  (1976)  emphasized  that 
a longer  period  will  not  in  Itself  increase  yield  unless  there  are 
more  fruits  available  at  right  time  to  be  filled. 

Initiation  of  flowering  was  delayed  by  4 to  5 weeks  in  all  the 
cultivars  interplanted.  The  number  of  aborted  flowers  increased  as 
a consequence  of  the  shading  effect  of  corn  on  peanut.  Studies 
Conducted  by  Hudgens  and  McCloud  (1975)  demonstrated  that  shading 
prior  to  flowering  slowed  vegetative  growth  while  shading  in  the 
early  flowering  stage  affected  the  distribution  of  pods  around 
the  main  stem.  Thus  the  main  reason  of  such  poor  yield  in  peanut 
was  probably  due  to  shading  by  corn.  However,  the  results  suggest 
that  peanut  could  be  relay  intercropped  in  corn  provided  adequate 
weed  and  pest  management  practices  are  carried  out. 


Pigeonpea  and  Sweet  Potato 


Pigeonpea  and  sweet  potato  were  interplanted  only  in  medium- 

2 

maturing  corn  at  4.8  plants/m  . Norman  pigeonpea,  Alabama  Nugget 

and  Red  Jewel  sweet  potato  produced,  respectively,  8,560  kg/ha  dry 

matter,  1,120  to  2,230  kg/ha  of  roots  (Table  12).  In  an  earlier 

study,  maximum  dry  matter  was  obtained  by  Mauco  (1977)  from  Norman 

pigeonpea  interplanted  in  early-maturing  corn  at  2.4  plant/m  from 

a series  of  treatment  combinations  of  early-,  medium-  and  late- 

2 

maturing  corn  hybrids  at  2,4,  4.8  and  7.2  plants/m  . Yields  were 
drastically  reduced  by  the  late  corn  which  produced  higher  LAI  with 
resultant  greater  shading.  Dalai  (1974)  pointed  out  that  dry 
matter  production  and  nutrients  absorbed  by  pigeonpea  intercropped 
with  maize  were  significantly  reduced  as  compared  to  pure  stand. 
However,  the  dry  matter  production  in  pigeonpea  suggests  that  it 
has  a substantial  potential  to  be  used  as  a relay  intercrop  for 
forage  in  corn  without  much  reduction  in  corn  yield  and  particularly 
in  areas  where  the  pressure  on  arable  land  is  so  high  that  the 
fanners  cannot  afford  additional  land  in  growing  forage.  Moreover, 
pigeonpea  is  a good  nitrogen  fixer  and  could  be  used  as  a green 
manure  crop  if  not  grazed  or  cut  for  hay  or  silage. 

Root  yield  of  Alabama  Nugget  sweet  potato  was  81%  higher  than 
Red  Jewel  in  medium-maturing  corn  whereas  the  latter  produced  55% 
higher  than  the  former  in  early-maturing  corn.  On  the  average, 
Alabama  Nugget  produced  a higher  yield  (1,730  kg/ha)  than  Red 
Jewel.  (1,430  kg/ha)  regardless  of  corn  hybrid.  This  was  probably 
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due  to  the  fact  that  the  former  had  better  ability  to  establish 
seedlings  and  tolerate  shade  than  the  latter.  This  was  again  con- 
firmed by  their  performance  as  pure  stands  where  they  did  not  differ 
much  in  yield  (Table  14).  Considering  the  higher  bulk  of  carbohydrate 
production  by  sweet  potato  than  the  other  intercrops,  it  should  be  an 
attractive  component  crop  in  intercropping  to  the  hungry  farmers 
mostly  in  the  tropics. 

Total  Seasonal  Yield  (Mam  + Intercrop) 

The  total  seasonal  yield  of  corn  hybrid  and  peanut  was  highest 

9 

(8,030  kg/ha)  from  Pioneer  3369A  corn  at  4.8  plants/m  and  Florunner 
peanut.  In  most  of  the  treatment  combinations,  the  combined  yields 
of  corn  and  intercrops  were  higher  than  those  from  pure  stand  of  corn 
hybrids.  The  combined  yield  of  Pioneer  3369A  corn  at  4.8  plants/m^ 
and  Norman  pigeonpea  (dry  matter)  as  intercrop  was  15,610  kg/ha. 

In  case  of  corn  and  sweet  potato,  Alabama  Nugget  with  Pioneer  3369A 
produced  the  maximum  yield  (9,830  kg/ha)  followed  by  Pioneer  3780 
and  Alabama  Nugget.  These  two  treatment  combinations  produced  more 
food  per  unit  area  per  day  than  other  combinations  of  corn  and  peanut. 
In  general,  the  seasonal  yields  were  much  lower  than  those  obtained 
in  a similar  study  (Akhanda  et  al. , 1978)  the  previous  year  probably 
due  to  weather  difference  (Appendix  Table  7).  However,  the  period 
that  the  land  was  occupied  by  the  main  crop  and  intercrop  was  about 
60  to  70  days  shorter  as  compared  to  double  cropping  of  these  crops. 
Many  authors  Indicated  yield  advantages  of  intercropping  over 
sequential  double  cropping  in  the  tropics  (Francis  et  al . , 1976; 
Hildebrand,  1976;  Harwood  and  Price,  1976;  and  Andrews  and  Kassam, 
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1976)  and  which  was  possible  in  labor-intensive  cropping  system 
under  low  level  of  mechanization  but  may  not  happen  in  capital 
intensive,  high  level  of  mechanization. 

Appraisal  of  Intercropping 

Until  the  advent  of  widespread  use  of  tractor  and  mechanization 
in  the  developed  countries,  intercropping,  especially  relay  inter- 
cropping, was  extensively  practiced.  In  many  areas  of  the  tropical 
world,  intercropping  is  widely  used  today.  However,  intercropping 
has  usually  been  most  successful  where  cultivation  and  other  pro- 
duction practices  are  done  by  hand  or  with  the  use  of  draft  animal. 

Based  on  the  experiences  in  this  study,  it  would  be  easier  and 
have  greater  chance  of  success  if  two  warm  season  crops  were  double 
cropped,  particularly  in  condition  of  high  level  mechanization,  during 
the  warm  season  instead  of  being  planted  as  a relay  intercrop. 

Relay  intercropping  does  have  a definite  advantage  over  double 
cropping  as  it  allows  growing  two  crops  in  a shorter  period  of  time 
and  allows  more  time  for-  a third  or  foui'th  crop  during  the  crop 
year.  However,  intercropping  always  has  the  disadvantage  that  one 
or  both  crops  may  produce  less  because  of  interspecific  competition. 

In  the  corn- inter crop  system  used,  the  corn  would  have  to  be  grown 
at  populations  lower  than  needed  for  maximum  grain  yields  if  a 
successful  intercrop  is  to  be  grown  in  the  corn.  The  intercrop 
would  not  be  as  productive  as  if  it  was  not  grown  in  corn. 

However,  intercropping  under  mechanization  can  be  successful 
if  one  is  prepared  to  take  somewhat  reduced  yields  which  are 
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inherent  in  the  system.  Crop  cultivars  will  need  to  be  carefully 
selected  or  more  likely  especially  bred  for  use  in  intercropping. 
Better  weed  control  for  both  crops  by  herbicides  will  be  needed. 
Energy  use  should  be  less  under  intercropping  than  double  cropping. 
Management  will  have  to  be  geared  to  intercropping.  As  an  instance, 
the  performance  of  intercrops  would  have  been  better  if  corn  plants 
could  have  been  removed  for  silage  without  damaging  the  intercrops. 
Different  uses  of  crops  under  intercropping  might  also  be  desirable. 
Some  of  the  tandard  corn-pigeonpea  plots  would  have  made  a lot  of 
feed  if  both  crops  had  been  chopped  and  ensiled  in  late  September 
or  early  October. 

Machinery  would  have  to  be  developed  which  could  allow  easier 
passage  in  intercrops  for  cultivating,  harvesting  and  applying 
pesticides.  increased  cost  of  nitrogen  fertilizer  could  make  growing 
a high  yielding  legume  as  an  intercrop  more  practical.  Researchers 
and  farmers  are  encouraged  to  develop  ingenious  new  intercropping 
ideas  that  can  make  intercropping  successful  under  mechanization. 

In  a labor-intensive  cropping  system  in  the  developing  countries 
in  the  tropics  the  better  combinations  with  corn  found  in  this  re- 
search are  expected  to  produce  better  results  than  it  did  in  Florida. 


SUMMARY  AND  CONCLUSIONS 


Several  field  experiments  were  conducted  at  the  University  of 
Florida,  Gainesville, in  1976  and  1977.  The  objectives  of  these 
investigations  were  to  (1)  select  soybean  cultivars  suitable  for  use 
as  late-planted  second  cr  in  a warm  season  double  cropping  system, 
(2)  find  the  influence  of  row  widths  and  plant  populations  on  the 
seed  yields  and  yield  components  of  sorghum  and  sunflower  and  (3) 
search  the  possibility  of  intercropping  peanut,  pigeonpea  and  sweet 
potato  in  early-,  medium-  and  late-maturing  corn  hybrids  at  different 
plant  populations  under  high  level  of  mechanization.  Either  a ran- 
domi.  d complete  block  or  a split-plot  design  was  used  in  various 
experiments. 

In  1976,  129  soybean  cultivars  and  breeding  lines  were  planted 
in  41-cm  rows  on  July  20  (1st  planting)  and  AugusL  6 (2nd  planting) 
while  the  first  and  second  plantings  of  84  selected  lines  were  made, 
respectively,  on  July  15  and  August  3 in  1977.  Wide  ranges  of 
expression  for  several  agronomic  traits  were  found  in  both  planting 
dates  in  both  years.  In  August  3 and  6 pi  antings , length  of  life 
cycle,  height  of  lowest  pod,  plant  height  and  seed  yield  were 
generally  less  than  July  15  and  20  plantings.  The  period  from 
planting  to  flowering  was  found  to  be  the  most  important  factor 
affecting  the  length  of  life  cycle  of  soybean.  This  period  ranged 
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from  37  to  57  and  31  to  50  in  1976  and  42  to  59  and  30  to  50  days  in 
1977.  The  second  important  phase  affecting  the  life  cycle  was  the 
period  from  the  end  of  flowering  to  physiological  maturity  (R^) 
which  differed  by  more  than  three  weeks  among  cultivars.  Plant  height 
at  maturity  and  bottom  pod  height  ranged,  respectively,  from  27  to 
112  and  24  to  94  and  0 to  33  and  0 to  30  cm  for  the  first  and  second 
plantings.  In  the  first  planting  of  1976  and  1977,  respectively,  42 
out  of  129  and  50  out  of  84  produced  pods  at  15  cm  or  above  whereas 
in  second  planting,  12  of  129  produced  pods  at  15  cm  and  above,  but 
none  in  1977,  though  there  were  12  lines  having  lowest  pods  at  12 
cm  or  above. 

The  life  cycle  ranged  from  88  to  116  and  83  to  106  days, 
respectively,  for  July  and  August  plantings.  To  complete  the  life 
cycle,  July  15  planting  required  3,047  GDD  whereas  August  3 planting 
needed  2,501  GDD.  In  the  first  and  second  j)lanting  in  1976,  respec- 
tively, 122  and  110  out  of  129  lines  physiologically  matured  before 
November  10.  But  in  1977,  all  except  the  Jupiter  selection  (Group 
IX)  in  second  planting  reached  in  the  first  week  of  November. 
Late-planted  soybeans  which  mature  during  the  first  week  of  November 
are  likely  to  escape  frost  damage  in  Florida  and  other  subtropical 
regions . 

Seed  yields  were  found  to  be  positively  correlated  with  the 
length  of  flowering  period  ( * r ' = 0.35**  to  0.44**),  pod  filling 
period  Or'  = 0.35  • to  0.49**),  plant  height  ( * r ’ = 0.25*  to  0.27*) 
and  length  of  life  cycle  ( ' r ' = 0.34*  to  0.37*).  Similarly,  bottom 
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pod  height  had  a strong  direct  relationship  with  planting  to  flowering 
days  ( ' r ' = 0.40**  to  0.54**),  plant  height  at  flowering  ('r*  = 0.59** 
to  0.65“^)  and  maturity  ('r'  = 0.61**  to  0.80**)  and  a high  negative 
correlation  with  pod  filling  period  ('r'  = -0.39**  to  -0.46**). 

Among  cultivars , seed  yield  ranged  from  2,260  to  4,550  and  2,060 
to  3,660  kg/ha  in  the  first  planting  of  1976  and  1977,  respectively. 
The  ranges  in  the  second  planting  were,  respectively,  from  820  to 
3,130  and  1,080  to  2,410  kg/ha.  Only  F73-9564  produced  the  highest 
yield  in  the  first  planting  of  both  years.  The  maximum  yields  for 
the  second  planting  were,  from  F74-2155  and  F74-3514,  respectively, 
in  1976  and  1977.  The  average  of  both  years  was  highest  (2,380  kg/ha) 
from  F74-3510.  The  ten  most  promising  lines  were  altogether  different 
in  first  and  second  plantings  except  F72-5823  which  consistently 
gave  higher  yield  in  both  plantings  and  both  years.  Among  the 
varieties  used  as  control,  Jupiter  selection  produced  the  most  and 
Santa  Rosa  least  in  the  first  planting  whereas  the  latter  produced 
most  and  the  former  least  in  second  planting.  Neither  the  earliest 
nor  the  latest  maturing  types  among  cultivars  used  were  superior 
in  seed  yield.  Many  new  breeding  lines  produced  significantly 
higher  yield  as  compared  to  named  varieties  presently  used  for 
commercial  planting. 

Taylor-Evans  brand  Bird-A-Boo  II  and  Pioneer  brand  B-815  sorghum 

cultivars  were  planted  on  March  22,  1977,  at  41,  61  and  91  cm  row 

2 

widths  and  20,  30  and  40  plants/m“.  With  increasing  plant  population, 
LAI  and  panicle  length,  respectively,  increased  and  decreased 


107 


2 

consistently,  plant  height  increased  from  20  to  30  plants/m  and  re- 
mained the  same  with  further  increase  in  population;  whereas  the  grain 

2 

yield  significantly  increased  from  20  to  30  plants/m  and  then  de- 
creased sharply.  Pioneer  B-815  and  T-E  Bird-A-Boo  II  produced, 

2 -1 

respectively , 3,930  and  3,640  kg/ha  with  a rate  of  3.88  g/m  day  . 

For  completing  the  life  cycle  (from  planting  to  black  layer  develop- 
ment), the  former  required  1,700  GDD  as  compared  to  1,543  ODD  needed 
by  the  latter. 

2 

Grain  yield  was  highest  (4,130  kg/ha)  from  30  plants/m  followed 

O 

by  3,680  kg/ha  from  40  plants/m  and  the  lowest  (3,550  kg/ha)  from 

the  lowest  plant  population  of  20  plants/m  . Regression  analysis 

revealed  a significant  curvilinear  relationship  between  grain  yield 

and  increasing  plant  population  with  associated  increasing  LAI. 

The  grain  yield  increased  at  a rate  of  132  kg/ha  for  each  increase 

of  one  plant/m2  from  20  to  30  plants/m2  and  then  decreased  by  two 

kg/ha  for  each  further  increase  of  one  plant/m  (Y  = 1759  4 132X  - 2X2) . 

2 

This  relationship  was  significant  with  R value  of  0.82*.  This  was 
attributed  to  the  increased  competition  between  sorghum  plants  for 
water  and  nutrients  with  increasing  plant  population  and  relative 
decrease  in  the  efficiency  of  unit  leaf  area  for  photosynthesis  due 
to  mutual  shading  under  increased  LAI  at  higher  population.  Panicle 
length  showed  a decreasing  trend  with  increasing  row  width  but  the 
changes  in  row  width  did  not  make  any  significant  difference  in  grain 
yield.  The  results  indicated  that  sorghum  has  an  amazing  capacity  to 
adjust  itself  in  a wide  range  of  row  width  and  produce  high  yield  by 
inter compensating  among  yield  components,  head/unit  area  and  seed  per 


head  in  particular. 
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Three  cultivars  of  sunflower,  Interstate  891,  Pacific  Oilseeds 

Sun-Hi  304  and  Cargill  204  were  planted  at  41,  61  and  91  cm  row 

2 

widths  at  4 , 6 and  8 plants/m  on  February  17,  1977.  The  plant 

height  and  LAI  increased  significantly  from  163  cm  and  3.35  at  4 

plants/m"  to  183  cm  and  7.49  at  8 plants/m  , respectively,  with  'r' 

values  of  0.75**  and  0.94**.  Seed  yield  was  highest  (2,750  kg/ha) 

at  the  highest  population.  Seed  yields  were  increased  by  167  and 

2 

122  kg/ha,  respectively,  for  each  increase  of  one  plant/m  and  one 

LAI  unit  with  correlation  coefficients  of  0.66**  and  0.85**.  The 

diameter  of  stem  and  head  and  100-seed  weight  sharply  decreased 

2 

from  2.62  and  21  cm  and  5.14  gm  at  4 plants/m  to,  respectively, 

2 

1.96  and  15  cm  and  4.34  gm  at  8 plants/m  with  'r'  values  of  -0.84**, 
-0.96**  and  -0.64**  between  them  indicating  a serious  intraspecific 
competition  for  nutrients,  water  and  light  with  increasing  population. 

Interstate  891  produced  the  highest  yield  (2,670  kg/ha)  as  well 
as  highest  total  oil  (1,220  kg/ha).  Oil  of  all  the  cultivars  con- 
tained about  91%  unsaturated  fatty  acids.  Neither  the  row  width  nor 
its  interaction  with  populations  had  any  significant  effect  on  yield. 
In  the  intercropping  study,  Pioneer  brand  3780,  Pioneer  brand 

3369A  and  McNair  508,  early-,  medium-,  and  late-maturing  corn  hybrids, 

2 

were  planted  on  March  11  at  populations  of  2.4,  4.8  and  7.2  plants/m  . 
'Florumier',  'Dixie  Runner'  and  'Early  Bunch'  peanut,  'Norman  pigeon- 
pea,  'Alabama  Nugget'  and  'Red  Jewel'  sweet  potato  were  planted  at 
lay-by  (last  cultivation).  All  Intercrops,  except  pigeonpea,  were 
also  planted  as  pure  stands. 

Intercrops  did  not  affect  corn  yield.  Increasing  plant  popu- 

2 

lation  enhanced  corn  yield  from  2.4  to  4.8  plants/m  . McNair  508 
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2 

produced  most  (7,240  kg/ha)  at  4.8  plants/m  followed  by  Pioneer 

2 

3369A  (7,150  kg/ha)  at  4.8  plants/m  and  Pioneer  3780  (6,970  kg/ha) 

2 

at  7.2  plants/m  with  no  difference  among  them.  The  grain  yields 

2 

from  Pioneer  3780  and  Pioneer  3369A  at  4.8  and  7.2  plants/m  were 

2 

significantly  higher  than  those  at  2.4  plants/m  with  no  statistical 

2 

yield  difference  at  4.8  and  7.2  plants/m  . Corn  grain  yields  of 

different  treatment  combinations  indicated  that  Pioneer  3369A  at 
2 

4.8  plants/m  with  Florunner  peanut  at  46  cm  row  spacing  as  inter- 
crop produced  the  highest  amount  of  grain  but  this  yield  was  not 
significantly  different  from  17  other  treatment  combinations  out  of 
24.  Plant  population  and  grain  yield  of  corn  had  a curvilinear  re- 
lationship (Y  = 5820  + 2446X  - 299X2;  R2  = 0.64**).  With  the  in- 
creasing plant  population  LAI  increased  (Y  = 0.66  + 0.71X;  r = 0.72**) 
and  the  ears/plant  decreased  (Y  = 1.41  - 0.70X;  r = 0.71**)  signifi- 
cant ly . 

Yields  of  all  the  intercrops  were  low  indicating  the  tremendous 
shading  effect  of  corn.  Forage  and/or  seed  yields  of  intercrops  were 
usually  highest  in  early-maturing  corn  at  lowest  population.  Peanut 
yields  were  reduced  from  3,360  kg/ha  as  pure  stand  to  600  kg/ ha  as 
intercrop  whereas  sweet  potato  yields  decreased  from  12,700  kg/ha 
to  2,230  kg/ha.  The  sweet  potato  root  production  was  only  10  and 
17.5%  of  sole  crop  for  Red  Jewel  and  Alabama  Nugget,  respectively. 

The  beginning  of  flowering  in  all  intercrops  was  delayed  by  three 
to  five  weeks  as  compared  to  sole  planting  in  pure  stands.  In 
medium-  and  late-maturing  corn  at  high  plant  population  many  peanut 
plants  died  after  excellent  early  stands.  Establishing  the  plant 
stands  of  intercrops  and  controlling  insects,  diseases  and  weeds 
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were  found  to  be  extremely  difficult  under  the  high  level  of 
mechanization. 

From  the  results  obtained  in  this  research,  the  following 
conclusions  may  be  emphasized: 

1.  Potential  genetic  materials  are  available  for  developing 
late-planted  soybean  culcivars  which  are  both  productive  and  have 

a satisfactory  agronomic  plant  type.  Correlation  studies  and  growth 
analysis  indicated  that  the  growth  patterns  of  soybean  could  be 
engineered  to  provide  a more  efficient  seed-producing  plant  by 
manipulating  these  genetic  materials  through  breeding  program. 

2.  The  breeding  lines,  F73-9564,  F71-1606  and  F72-5823,  have 
potential  for  July  planting  in  double  cropping  systems  in  the 
tropical  and  subtropical  regions.  In  late-planting,  they  offer 
promise  for  higher  yields  than  the  varieties  available  for  normal 
planting.  Similarly,  F74-3510,  F74-9458  and  F74-2122  can  be  used 
for  later  planting  in  early  August.  F72-5823  might  do  equally  well 
in  both  late-July  and  early-August  plantings. 

3.  As  the  planting  is  delayed  the  soybean  plants  become  smaller. 
Therefore,  soybean  as  a second  crop  in  warm  season  double  cropping 
systems  should  be  planted  in  narrow  rows  and  at  higher  population. 

4.  Because  late-planted  soybeans  may  be  damaged  by  frost, 
cultivars  and  planting  dates  should  be  selected  so  as  to  insure 
maturity  before  November  10  in  north  Florida  and  similar  climatic 
regions . 

5.  Sorghum  can  produce  a satisfactory  yield  at  a wide  range 
of  row  width  and  plant  population  by  intercompensating  among  yield 
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components,  particularly  head/unit  area  and  seeds /head.  This  elastic 
characteristic  of  sorghum  as  to  variable  row  widths  should  make  it 
an  important  component  in  alternate  row  intercropping  systems. 

2 

6.  Sorghum  should  be  planted  at  a population  of  30  plants/m 
at  any  convenient  row  spacing  up  to  91  cm  apart.  Pioneer  B-815 
seemed  to  have  higher  yield  potential  than  Taylor-Evans  Bird-A-Boo  II. 

7.  Interstate  891  sunflower  cultivar  should  be  planted  at 

2 

populations  of  about  8 plants/m  with  any  spacing  between  rows  that 
is  convenient  up  to  91  cm  apart  under  tropical  conditions. 

8.  Sunflower  being  highly  phototropic  has  a peculiar  process 
of  'nutation'  which  suggests  that  it  would  use  the  solar  radiation 
more  efficiently  than  others  in  a mixed  community  of  plant  species. 
Because  of  this  habit  sunflower  should  be  an  important  component  in 
mixed  cropping  or  alternate  row  intercropping  systems  in  the  tropics. 

9.  Considering  its  productivity  and  edible  oil  quality,  sun- 
flower must  be  an  alternate  oil-seed  crop  in  multiple  cropping  systems 
in  tropical  countries  where  the  edible  oil  shortage  is  more  acute. 

10.  Early-  and  medium-maturing  corn  hybrids  rather  than  late- 

maturing  ones  should  be  planted  at  high  population  but  not  exceeding 
2 

4.8  plants/m  . 

11.  Selected  cultivars  of  peanut,  pigeonpea  and  sweet  potato 

may  be  intercropped  in  early-  and  medium-maturing  corn  hybrids  at 

2 

plant  populations  not  exceeding  4.8  plants/m  in  a labor-intensive 
cropping  system  under  low  level  of  mechanization. 

12.  Establishing  intercrop  stands  and  control  of  weeds  and 
pests  are  difficult  under  high  level  of  mechanization  and  under  such 
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conditions  it  would  be  easier  and  have  greater  chance  of  success  if 
two  warm  season  crops  are  double  cropped  during  the  warm  season 
instead  of  being  planted  as  a relay  intercrop. 

13.  Intercropping  has  the  disadvantage  that  one  or  both  crops 
may  produce  less  because  of  interspecific  competition.  However, 
the  energy  use  should  be  less  under  intercropping  than  double 
cropping  with  the  energy  input-output  ratio  higher  in  intercropping. 

14.  To  make  intercropping  successful  under  high  level  of 
mechanization,  machinery  would  have  to  be  developed  which  could 
allow  easier  passage  in  intercrops  for  cultivating,  harvesting  and 
applying  pesticides.  Similarly,  crop  cultivars  will  need  to  be 
carefully  selected  or  specially  bred  for  use  in  intercropping. 

15.  In  labor-intensive  cropping  systems  in  the  developing 
countries  in  the  tropics  where  cultivation  and  other  production 
practices  are  done  by  hand  or  with  the  use  of  draft  animals,  inter- 
cropping peanut,  pigeonpea  and  sweet  potato  in  corn  is  expected  to 
produce  better  results  than  it  did  in  Florida. 


APPENDIX  TABLES 


Appendix  Table  1.  The  dates  (month-day)  that  flowering  started  and  ended,  pod  filling  started,  physio- 
logically matured  and  were  ready  to  harvest  for  129  soybean  cultivars  or  lines 
planted  on  two  dates  at  Gainesville,  FL  in  1976. 
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Appendix  Table  3.  The  flowering  pattern  and  life  cycle  of  129  soybean  cultivars  or  lines  planted  on  two 

planting  dates  at  Gainesville,  FL  in  1976. 


124 


aj 

m ^ 

vO 

•H  CO 

i — 1 p*> 

60 

03 

P 

4h  no 

<! 

O ^ 

rC  (U 

O 

4-J  rH 

CN 

60  U 

a >• 

i — 1 

a)  o 

3 

*n 

VO 

n) 

a o 

60 

■rl  U u 

P 

0 60  to 

< 

o o >,  a) 

fti  .H  4J  > 

ft-l  O *H  ft< 

o 

rl  M (fl 

CN 

to  to  p x: 

>x  >x  4J 

rH 

cd  J3  63 

P ft  0 

*-> 

X)  1 >, 

vO 

C 60  60  -u 

<u  a o -h 

60 

‘H  rH  M 

0 M O 3 

<1 

O <0  -H  -U 

fti  Is  co  ts 

4-1  O ^ 0 

O 

iH  ,-C 

Cn] 

co  4-i  o.  i — i 

>->  co 

rH 

co  m o o 

P 

Q O 4-i  -H 

G 

XI 

x o 

vO 

O -H 

P.  M 

60 

a)  ^ 

P 

ft  ft  ffl 

C 

O p~. 

60  cO 

ftft  c o 

o 

4-1  tH  W 

Os! 

60  i— i 

C3  1 — 1 

i — 1 

CU  -H 

P 

fftl  6-1 

G 

X 

o 

hO 

■H 

)-i 

60 

C4ft  CU 

P 

o a 

< 

/ N 

rC  60  Ol 

+->  C >x 

o 

60  -H  CO 

CN 

C l-i  O 

HI  O'-' 

i — 1 

i-l  S 

P 

O 

*~3 

rH 

4H 

60 

a 

•H 

G 

•H 

a m 

60 

cd  O oO 

P 

rH  P 

< 

PU  H *H 

H J-i 

e cd  <o 

o 

O H £ 

CN 

j-h  co  o 

m rH 

r-  i 

O 4h 

P 

CO  H 

CT3 

P 

cd 

<U 

> 

P 

*H 

*H 

4J 

rH 

r-H 

P 

U 

u 

O 

oocoo^OHOo^ONfOisin^n^LOrHisyoiri 


iN\rtNUHCNrN^icri^r''CNuicOfOiriincocN’^'^in 

ooooooohohohoohoahooooooooo 


vo  <r 

Oh  ah 


0>0\OrN(?i|sMX)N 


O o O Oh 

r— I i — I i — I 


< — I vo  O i — I O O 


o o 


HONHOOHHHLOOOO^ON 

rH  r-H  i — I t— I i — I rH 


Hf^OSOCO^vOCOOOCTiN 
H H » — I 


cocNcNvGvocococoahoahr^cocoooahcovd-ahahiH 

COCOCOCNCOCNCNCNCNCOCNCNCNCNCOCOCNCOCNCNCNCO 


rH  Oh 

co  cn 


r|NfCOO\0'JfrlLriir)OOv£)<f<jvDcOOiOrr)iOO^a\  coo 

Nr<r^fO<rnmncoronr)nnnsrnsfnnnn  co  co 


<T  CN  CO  O <J-  rH  rH  O X>  Oh  CO  vO  CO  CO  CO  vO  Oh  CN  CN  CO  Oh 

Nr<t'd-C^'d-^<S*C^^v^CONfrONfNrvJ-<fsJ-fO'^Nj'<t  co  <t 


OcNcovor^r^cNCNo-vocOhOrHr^coooohCNLnoor^vo  in  h 

muhsr^stsf^sj-^<fsf<r<rsr<}-vr<fin«<rNrsr^  <r  <*• 


^inOOOMNCOifivOCMnONrHCOCOChOOhCO^  in  CO 

CNCNCNCNCNCNCNCNCNCNCNCOCNCOCNCNCOCNCOCNCNCN  CN  CN 


<n  h ^ h ors^omi^OfNO^Nmcoc\mvD<rH 
CNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCN 


O vO 
CN  CN 


H cn  o i — itTiLFihsirirsiri'Dr^'vO^iirirNLnh.  o'lOhco 
COCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO 


CN  o 
co  co 


^ Oh  OO  i — I r— I i — 1 iH  rH  rH  iH 
cori<r4vrsrsr^sr<tsr 


HHHHMMCOO’ht'd'in 


00  00 
CO  CO 


CO 

CN 

co 

QJ 

•H 

U 

Q) 

CO 


NTOfOCOslCOHCOOMCJ'^iO 
vOCOhlOhhNOONCOh-COH 
OOOOhr^GOCNOh<tOhhOr'J 
CNCNCNi — I Cn)  CN  CN  CN  rH  CN  i — |CNCs| 

I * I I I I I I I I I I I 

■<r  <3-  -<r  nr  <3  -<r  nt  ^ nt  <3-  < 

r-  r-*  r^r^.  r^r^r^r^r^r^r^- 

PH  FH  IhPhPhPmEuPuPhPhPhPhPH 


o 

o 

m 

sD 

hO 

00 

CO 

CN 

O 

HT 

CN 

m 

Oh 

m 

CO 

OO 

r^* 

r~  -i 

VO 

Oxl 

CN 

o 

vO 

i — i 

rH 

vO 

Oh 

r^. 

o 

rH 

rH 

VO 

CO 

-cr 

r>. 

CN 

| 

CN 

| 

CN 

1 

rH 

i 

i 

CN 

i 

CN 

i 

Cs| 

CN 

a) 

Oh 

<3- 

i 

i 

i 

i 

1 

<T 

1 

NJ- 

<r 

•H 

i-i 

1 

CO 

1 

co 

r^- 

r^. 

r- 

Cl) 

r^* 

pH 

pH 

(h 

PH 

PH 

Ph 

Ph 

Ph 

Ph 

c n 

Ph 

pH 

125 


<D 

m 

50 

•H  W 

iH 

60 

cd 

P 

4-1  Td 

< 

O w 

rC  QJ 

o 

4-J  rH 

CN 

60  U 

p >. 

rH 

a)  a 

P 

►o 

cn  n o 
co  co  05  co 


<N  H H ^ 
0>  O'  On  CO 


45  co 

05  Q5  05  05 


i — i o co 
oo  co  05  a> 


co  on  co  in 

05  00  05  05 


cco5LncoiNcc.  HOinouicocjO(Nco<r^^ 

00000500505  05  00000005000000 


vD  CM  ^ CO  sJ- 
05  05  00  CO  O'- 


<r  oo  n co 
O 05  05  05  o 


CD 

o 

P 


p 

0 
o 

1 

co 


cd 

H 

X 

•p 1 

T3 

c 

cu 

ix 

fX 

<3 


e 

o 

1-4 

4-4 


x> 

c 

(U 

ti 

o 

f- 

4-4 


O -H 


o 

4-J  XI 
03 

>n  <D 
> 
Xl 


43 


o 


■H  (4  (3 

CN 

CO  3 ,C 

4J 

1 — 1 

,C  CO 

p 

C4  e 

1 > 

5p 

00  00  XI 

C O -H 

60 

*rH  i — 1 4 

P 

14  O 3 

< 

HI  -H  4 

J «1  ID 

o >n  e 

O 

-H  -C 

CH 

4H  (X  rH 

CO 

1 — 1 

4h  O O 

p 

O 4J  -rl 

►o 

X) 

X)  O 

5D 

O -H 

X X 

60 

CL)  /•— n 

P 

4-1  X CO 

c 

O tn 

00  (0 

rC  C Q 

o 

43  *H  N — ' 

CN 

00  rH 

C i — 1 

rH 

0)  -H 

P 

i-l  4h 

*"0 

X) 

O 

mD 

•H 

X 

60 

4H  0) 

P 

O CX 

< 

, — N 

rC  00  CO 

xi  a pc 

o 

00  -H  CO 

CN 

fi  4 O 

QJ  QJ  N-r 

rH 

r-3  & 

P 

O 

1 1 

44 

60 

p 

•H 

50 

4J 

P 4-1 

60 

cd  O 60 

P 

fH  P 

< 

P-  U *H 

U U 

£ cd  0) 

O 

O 4->  £ 

CN 

u co  o 

44  rH 

rH 

O 44 

i 

CO  4-J 

' 3 

>5 

cd 

Q 

U 

cd 

CD 

> 

P 

•H 

•H 

4-J 

rH 

rH 

P 

H 

CJ 

O 

NOOOiOCOW®® 


03i^.rHcrvcoa'OOr^.cr\CT\ 

I — I 1 — I I — I t — I 


03  04  i — I 00  CO 


cNr'--3-ro-ooHC4a\ 

CM  i— i rH  i — I r— t i — ! i — I i — I 


•JOlHHHHCin-J 

cMcMcncncnmcncMcM 


N|NinNM4DN^lO 

cMcMcncnmcncncnen 


i — I i — 1 i — I rH 


r-  o -f  o-  a 3i  in  cs  ui 

NmNC4Ht4N03C4 


lOOimoiHN-JINffi 

cncncnoncMcncncnan 


'O  M 00  -4  in  H H 

rH  1 — It — I I— I 


f~~  -4  oi  h n ai  o\ 

cm  co  n n n n n 


■4  h o -4  iH  -n  r-N 

co  cn  -4  co  co  m co 


iCMHiONOOCuO 


4INfOvOH4i4imN 

co<o~4-4Nt-Ni---4-4-4 


MOioinNnntoiD 

NMMNNNMNm 


Kcaocotaooiinoi 

CMCMCMCMcMCMrHCMCM 


4P1HH0001401 

4-J44M'JtO<|-rO 


®0®i04NiOiOH 

4in44n4444' 


OOOCOnOOOnOOOi£>CO 

fOMCO!NNC4CNI(S|M 


00  ~4  -'  . 31  un  00  -4  -4  CM  L/n 
CMCMCMcMCMCMCMCMCM 


CM  i — | O CM  00  iH  CO 

-4  -4  u~l  -4  00  -4  -4 


O'  00  O 00  CM  03  |n. 

*4  -4  iO  -3-  -3-  -3-  -3- 


h m id  n ouo  o 

cl  CM  CM  CM  CM  CM  CO 


cj-  pn  in  <f  in  n i/i 

CM  CM  CM  CM  CM  CM  CM 


cMcM4tn4iNcoioin 

ncncncncncnmncn 


BSiOOHHNCMN 

coco-<i--4'4-4-4-4n3- 


Mnomminffiinio 

cncnsfcoonmc/imco 


cMcocncncnM-MM-io 

'd‘'3--ci-vcr<r<3-o-<i--4- 


o id  h 4 4 cn  in 

4 cn  cn  cn  co  cn  cn 


43  43  On  O O O i — I 

-4  -4  cn  4-4  4 4- 


-4 

CM 

CO 

QJ 

•H 

X 

a) 

C/3 


i — IcncMCOi — I i — I Oi  i — IOn 
ooowNOiininwoico 
unr'-r-,— i-4rNr---4-4 
oioioicnooioicncn 

i I i I I I i i I 

cncncno(ncncn44 

IN  N |N  IN  I — N N N N 

fcihhfuhhhhlii 


cnioocncn4®4in 

O14Hi£lH0D3i00cn 
4 cn  in  h vo  cji  n cn  cn 
cncom4Jicn4®oi 
l l l I l I i l I 
Nj-cn-d-cncncMcMcncn 

ININININNININININ 

PxfXpHlXfxiEHtHpHpM 


CO 

25 

co 

05 

CO 

rH 

CNl 

co 

05 

CN 

50 

to 

<t 

00 

50 

w 

O 

45 

45 

CO 

45 

(D 

05 

05 

05 

05 

1 

1 

•H 

1 

I 

1 

| 

CN 

CN 

u 

cn 

CN 

CO 

CO 

CO 

Q) 

r-N 

r>* 

pH 

P«H 

CO 

p4 

Ph 

Ph 

Pn 

126 


x> 

<u 

d 

c 


a 

o 

o 


i 

co 

<U 
i — I 
33 
cd 
H 

* 

*H 


XI 

d 

O) 

cx 

a 


< 


a; 

4-1  ^ 

Mo 

•H  Cfl 

r— 1 > 

GO 

cd 

G 

4-1  T3 

< 

O 

r£  dJ 

O 

U rH 

CN 

oo  O 

G > 

i — 1 

<u  u 

3 

i — ! 

MD 

cd 

o o 

GO 

•H  4-J  43 

G 

B 60  CO 

< 

O O >n  04 

h H 44  > 

•43  O tH  P 

O 

•rl  14  d 

CM 

CO  01  3 d 

>N  >N  43 

rH 

cd  33  cd 

G 

fi  ft  B 

'H  1 >N 

vD 

d CO  60  43 

ai  d o -h 

GO 

•Hi — Ip 

G 

B P O 3 

< 

o a)  -h  43 

P & cn  cd 

M3  o >N  B 

O 

P 33 

CN 

on  <43  cx  t— i 

>n  td 

rH 

cdw  o o 

G 

Q O 43  -H 

*") 

X) 

X)  O 

vD 

O -H 

0-  p 

GO 

QJ 

G 

P ft  01 

< 

O Pp 

60  CO 

33  d n 

O 

43  *H  n_3 

CN 

60  rH 

d i — i 

rH 

0)  -H 

G 

1-3  <43 

XI 

o 

'nD 

•H 

p 

GO 

•43  HI 

G 

O P- 

< 

/■ N 

33  60  CD 

■u  d pp 

O 

60  -H  Cd 

CM 

d p a 

aj  a)  ■w 

rH 

PI  13 

G 

o 

i — 1 

4-1 

00 

g 

U 

c 44 

GO 

Cd  O GO 

G 

rH  G 

c 

CX  4-i  *H 

u u 

£ Cd  dJ 

o 

O 4~»  £ 

CM 

4 W O 

44  rH 

i 4 

O 4-1 

G 

CO  4-i 

•“D 

Po 

cd 

Q 

u 

cd 

CD 

> 

c 

•H 

4-J 

rH 

rH 

G 

g 

u 

O 

OHfnHOididHcosr^in'jH'd  no 
o\0'c\ffi(no\c^aioo^tTioio\o>oiaiff> 


'jPHOco^D'DmncoiskOsrHr^coco 

ONaNOOONOOOONOOOOOOOO 

H H i I i t < — I < — I i — I i — I i — It — it — I i — j i — ! 


<roiOM3icooit^ooo\toHoooai(Noo 


tsoicdcdHr'Oimt'ia 

i — i i — i i — it — i i — i 


00  CO  Ol  N 00  N N 


o'.o\or^<rOHoococrii''.c\ioO'd-r'>co\o 

NNMCNMrOcONNNNcnNNMNN 


Oin^DNnvDr'r^PiniA'ONajco-jto 

(’iroidncdcdrtncNtdpnnNnpiM 


oonHOin'jHcot<ioMNMji(oo> 


oid-iDstnoimvOisiricnMnHNtsH 

o3xf<r<j-<t<t<r<d-ro<r'd--<r<r<r<r-<r<r 


LOu-)r^.<r.a\a^t^r^cpooc^voa\ooa>r^a\ 

NNNNNN(Ncn|CMCNM(NNNNNN 


rOCNmvorpo043rOrHirico^Dr^oooovOr^ 

(NCMNNCMNCNINNtMNNCvJNNNN 


'Or'-NOLnp'.NOpNNOr'-r'-COI — MJv  O N I- ( 

idnnnpirmtdpi(nn(dfln<t<fvt 


iHcNtNCNCNCNtncOrorON  -I  in  in  vO  CO  00 


25 

CO 

r- 

vC 

co 

LO 

00 

rH 

03 

CO 

CO 

<r 

vO 

CO 

a) 

on 

00 

rH 

CO 

•H 

1 

1 

l 

1 

i 

M 

CO 

CO 

CO 

rH 

co 

d) 

r"- 

r-^ 

CO 

Ph 

fH 

Ph 

pH 

Ph 

m 00  sf  c <t  o 
m in  on  co  vo  vc 
n m vo  n n n 

CTN  ON  i~H  On  ON  ON 

I I I I I I 

cn  ci  n n o o 
n-  N vo  n in 
h Q h h (n  p 


00  Cl  v£)  vf  H N 
N M N H Ol  m 
rs  is  m m o 4 
On  ON  ON  rp  On  On 
I I I I I I 
cn  m tn  Nf  cn  m 
p-  t-N.  i — i — r — 

P*  P fj_4  fin  p4| 


HHOIOHOJHM 

ON  ON  CO  ON  ON  ON  ON  ON 


rOHONc-pcorOHCNi 

OOooOOOOO 

H i — I t-H  i— I i — I rH  i — ! 


COCOOWONOOVOl 


OvN<tOrHONMH 

rH  CNI  rH  T — | t — I i — I 


vtinaicovococooN 

mcONCNNINCNIN 


(NNfOINCNvONflO 

-j-jcncncncnfom 


vOvOHONCNIHCScn 

■<t'<t-'d-c'-i-o<r<r<t 


O i — I CO  On  Pn  ON  Pn  p^ 

inLorpNf<r-cr<i-<t 


vONfOOP'HOvOOON 

CNICNCSCNIrPCNICNCNJ 


NfOlOvOrlNMO 

CNlrHCMCNJcPCMCNlCM 


HCNicnin<fininNi- 

tncncimcncncifn 


P"COONOOOOrH 

m ci  tn  nj  Nt  4 %f  4 


26 

■sO 

•-  1 

00 

o 

on 

rH 

<T 

00 

CO 

rH 

00 

o 

O 

CO 

ON 

co 

00 

i — 1 

*<r 

1— 1 

CO 

CM 

00 

rH 

dJ 

C". 

vO 

vO 

r^ 

•H 

I 

1 

l 

l 

1 

1 

1 

1 

UO 

UO 

co 

UO 

UO 

uo 

LO 

UO 

dJ 

r^> 

r- 

CO 

pH 

pH 

pH 

Ph 

Ph 

Ph 

Ph 

127 


Cl) 

4-1  /-N 
•H  CO 
«H 

CO 

44  T3 
O ^ 


VO 

OO 

3 

<3 


i — ICNvD\D[sfsro^\ON^OD 

oic^CTNcrvOMaiaMOMaiaiaiaM 


Or'-OMu~)00'iOM3MOMfOOC'*')'X> 

OlCOOOOOOMXIOM!0®OMOOM30 


,C  QJ 
U rH 
60  CJ 

C f>~. 

a)  o 


c^fO^DtO^O^I^vOoOvDooO 

OOOOOOOOOOOrH 


ro 

o 


OO-JNI^vOOiTiHintriHH 

cri0io\aia\cri(^0'00\oai 


1 — 1 

vO 

d 

o o 

0C 

•H  4J  4-i 

3 

0 60  to 

< 

O O to  0) 

h H (J  > 

4-1  O "H  M 

O 

•H  !m  d 

CN 

t»  (0  3 fl 

>1  O 

i — 1 

d o:  d 

3 

Q P-  6 

X) 

coaiaiNOococoo'Oajn 

H H i — I i — I 


cr.  vo  oo  'O  mo  n md  mo  mo  r-- 


OOlOlONOOOOOMOlOCOH 

rH  *H  I—I  r- 1 rH  rH 


' H rl  rH  i — I > — I i — I CM  HiHCN 


TO 

1 >n 

vO 

3 

00 

00  44 

CD 

3 

O *H 

OO 

•H 

rH  V-| 

3 

6 

U 

O 3 

< 

o 

CD 

•H  44 

U 

£ 

co  3 

4-1 

o 

>n  & 

O 

rH 

rC 

CN 

CO 

44 

(X  i — 1 

rH 

3 

rH 

3 

44 

O cj 

3 

Q 

o 

44  -H 

X) 

TO 

TD 

O 

vO 

o 

•H 

p- 

OO 

CD  CO 

3 

44 

(X  >. 

< 

O 

3 

00  Q 

rC 

3 w 

O 

■U 

•H 

CN 

00  i — 1 

3 

rH 

rH 

Q) 

•H 

3 

h-J 

44 

H— M 

<linNh.Nfv 
CM  CM  CO  CM  CM  CM 


<f  H (J\  CM  ^ 
ci  ci  -j  n n n 


O i — 1 MO  rH  CM  O 

•cr  <f  Mf  <f  m -j 


tM  00  H sT  IC|  M 
Mf  -<f  LO  -<r  *d"  <r 


co  mc  co  lo 

eg  CM  CM  CM  CM  CM 


CM  i — I CM  Cl  rl  N 
CO  CO  CO  CO  CO  CO 


h-  oc  H oo  o rs 

ro  co  -j  ci  -c  ci 


O CO  r— 1 O ( — I CM 

•vf  co  -4-  <r 


OmOlCI'CT  OCOCINcOOOCMOH 
CMcOCMCMCMCMCMCMCMCMCMCMCM 


OCOOMUICOHCMMOOCMCM 

COCOCOCOCOCMCOCOCMCOCOCOCM 


cOrHOcDOOOvOr^<rcOrHr^ 

MM-<rci-j-<r<rcociMci<rci 


Ol  cO  C CM  Cl  , — I M CM  CO  i — | Ol  LO  VO 

Mj-Mj-Mt-Mr^f^c-cr^rcoLiocoMtco 


-a 

a) 

C 

•H 


3 

o 

0 

1 

cn 


rO 

3 

H 

X 
•H 

XI 
3 

G) 

(X 

a 

< 


o 

nO 

•H 

3 

00 

44  <D 

3 

O Ph 

< 

x eo  w 

*J  fi  fr 

O 

60  -H  d 

CN 

fi  M Q 

aj  or  m/ 

rH 

r-1  S 

3 

o 

►“D 

1 — 1 

44 

OOCX>Oi — I O O On  i — I CO  i — I On 

COcnC'jrOCOCOCOCMlCOCNfOCN 


N'<Dr)Ha^aioocoa\voa\r) 

CNCNCNCOCNCNCNCNCNCNCNCN 


00 

3 

•H 

vD 

44 

3 44 

00 

Ht  O 0i 

3 

rH  3 

< 

CX  44  *H 

u u 

£ 3 a) 

O 

O 44  £ 

CN 

H CO  O 

44  rH 

rH 

O 44 

3 

CO  44 

*“} 

rH 

3 

Q 

3 

3 

3 

> 

3 

•H 

•H 

44 

i — 1 

i — 1 

3 

3 

U 

O 

r>.r''voanonoooonrHOcM 


HHMLTii/J^ONNiNrNCOC 


vo 

CNl 

CO 

<D 

*H 

u 

<D 

co 


r— I i — | 

rH  -cr  <t 
C\]  rH  CT\ 

I I I 

LT)  LT)  LO 
r- 

PH  Ph  (h 


i — I lO  On 
fC  in  N 
vO  rH  H 
nT  (N  ^ 

I I I 

OJ  -vj-  LO 
r^ 

P-i  pH  P4 


an  <? 

CO  O'!  CO 
rH  rH  rH 
On  an  an 
I I I 
in  in  in 
r--  i — . r — . 
P4  PX  p4 


i — I -<r  r^- 
in  O Cs] 
ro  cn  o 
On  an  an 
I I I 
CO  LT)  LT} 
r^.  r^. 

P Pi  Ph 


comcoN^ocor^-Noananan 

CNCNCNCNCNOOCNCNCNcnCNCsICN 


Oi — I O’  cn  i — irsiNCNOcOsfrNrs 

CO  CN  CN  CN  CN  CNJ  CN  CM  CN  CM  CN  CN  CN 


cnrj^)vjr^inrsf\iX)^NcovD 

COCOCOCOCOCOCOCOCOCOCOCOCO 


COC^OOHrHHHHrHrlMOJ 

cocOvj-<r^j-^t^j*Ki-<r-d--<f-<r-<r 


r^. 

CN 

o 

CO 

On 

CO 

CN 

CNl 

vo 

vD 

vO 

CO 

co 

CM 

on 

oo 

On 

CO 

on 

CD 

r-s 

vO 

vO 

vO 

vO 

l 

*r4 

1 

1 

I 

1 

1 

u 

LO 

LP 

lO 

m 

m 

m 

CD 

r^- 

CO 

(h 

P4 

P^H 

Ph 

Ph 

Ph 

0 cn  n h on  n co 

CN  on  00  CN  CO  00  CN 

on  co  o r^-  O oo  H 

^ vo  mx)  n o m 

1 l I l l l l 

in  m in  m m in  m 

r-» 

Ih  Ph  Ph  Ph  Ph  Ph  Ph 


128 


0) 

4-)  ^ 
•H  CA 


VO 


rH  >, 
TO 

4-4  HO 
O ^ 


bC 

P 

< 


Oi  n h rl  M ^ 
00  00  on  CO  Ch  o>  ^ 


cotnrNjrNGOcn\D^)^rNO\r  m in  in  m in 

cococr>oooocr\a>cr\c>a>oo  ooooo 

rH  i — I t — I rH  I — I I — I 1 — I 


rC  CL) 
4J  rH 

oo  a 
p ^"1 
CD  O 
P 


>"0 


m cn  <j-  cn  \p  m r^ 
ON  ON  O On  ON  O O 
' — I i — I rH 


rHO^rr^incoLnaNONaNON^-^rinio 

ONOOONOOOOOOOrHrHrHrH 


m m 


1 — 1 

VO 

cd 

u o 

GO 

■Huy 

P 

EM  cn 

< 

O O 0) 

P rH  yi  > 

ip  O -H  p 

O 

•p  p cd 

CN 

cn  cn  3 x 

>>  4-1 

rH 

cd  X cd 

P 

fi  PE 

X) 

ON  rH  ON  O CO  rH  rH 


vp  on  oo  oo  cn  o 


COOvOONOOoOOOCOr'- 


ON  CO  N N CO  CO  CO 


C'lCOONvJNNrNinLnvONCOCOCONfNOD 
CN  iH  rH 


X 

:j 

o 

p 


p 

0 
u 

1 

CO 

0) 

rH 

XI 

a) 

H 


T3 

G 

a) 

p- 

p. 

< 


TD 

c 

aj 

s 

o 

p 

HU 


I :>N 
M 60  U 

e o 


•H  rH  p 

p 

P O P 

< 

<U  -H  P 

£ ca  Cd 

o P g 

o 

I-H  rC 

cn 

4-1  O-  rH 

cd 

rH 

4-4  O U 

P 

O 4J  *H 

nj 

x)  o 

vO 

O -H 

pH  H ^ 

ao 

0)  CA 

P 

4-1  P Pn 

<3 

O Cd 

t)0  Q 

rP  P ^ 

o 

H -H 

Cn4 

00  rH 

P rH 

rH 

a)  ’H 

P 

P 4h 

X) 

X) 

o 

vP 

•H 

p 

OO 

4h  a) 

p 

O P 

c 

X 60  w 

H C 

o 

60  'H  cd 

CN 

a p q 

a)  a)  w 

i — 1 

x S 

P 

o 

X 

rH 

4-4 

00 

p 

•H 

O 

4J 

P 4-4 

OO 

cd  O 00 

P 

rH  p 

< 

P 4->  *H 

P P 

e cd  ai 

o 

O +J  ^ 

CN 

P CA  O 

4-4  rH 

rH 

O 4-4 

P 

CA  4J 

>> 

TO 

Q 

p 

cd 

> 

p 

•H 

•H 

4-» 

1 

rH 

P 

P 

CJ 

O 

CO  O O ON  N co 
IN  N N (N  N N N 


O H-.  X)  h-.  on  cm 
CO  CN  CO  CN  CO  to  CO 


(Xi  X i — I |n.  CT\  O O'! 

co  co  co  <o  -a-  co 


O ffl  Si  N H 00  O 

-4-  co  to  nj-  <r  <r 


(Pi  o on  o to  co  oo 

CM  CO  CN  CO  CM  CN  CM 


CO  Nf  X CO  O CN  CO 
CN  CN  CN  CN  CN  CN  CN 


N (O  N IN  rv  o 
CO  (O  CO  (O  CO  CO  -J 


CN  N IN  CN  CN  <f  IN 
Nt  ufr  Nf  -d"  O'  -<f  Nj- 


IN. 


CN 

CO 

rH  CN 

CN 

— i 

vO 

m 

ON 

<r  <f 

O 

m 

rH 

CO 

o 

o r- 

i — 1 

r- 

<r 

a> 

r- 

oo 

ON 

oo 

ON 

I 

•H 

1 

1 1 

1 

1 

1 

P 

m 

»n  in 

in 

cn 

m 

cn 

0) 

r-N 

n-  r-N 

n- 

C/3 

P 

P P 

P 

P 

P 

P 

PiCIHlNCOP[NrN|NtvOHCNCNCNCNCN 

CNCNCOCNCNCOCNCNCNCNCOCOCOCOCOCOCO 


sfOHicuNOiniri<tcoHcocoNrinNfco 

CO^I-O-COO'O-COCOCOCOCOCOCOCOCOCOCO 


rHvococpoo-<roo<PcpoNrNi^i^oONDc»co 

NtCO-O-COCONtCOCOCOCOCOCOCOCOCOCOCO 


P|NPCNPCN(OOHPPO\HHCNCNH 

cONr-d-Nf-d-iriNf<f^<rcocci<tNf<rN'Nf 


P P |N  p LC|  tfCOONONOCNCOCOCOCOCOCO 
CN  CN  CN  CN  CN  CN  CN  CN  CN  CO  CN  CN  CN  CN  CN  CN  CN 


iNpciOH-jioix^ooiniriiri<r<f<fin 

HrICNCNCNCNCNCNCNCNCNCNCNCNCNCNCN 


<f'tN-}lCli£)HOO 

cocopcococontn-i 


O00OOOOOO 

<f<CiniAiC|pl/liC| 


OrHrHCNCN*CJ-U-|l'~OOOOCOlOcO|N»r',|'^|-^ 
Nd-  Hi"  Nf  N'N'NjN’N'NriOiOiOiCliOiOLO 


28 

00 

VP 

rH 

i — i 

HT 

i — i 

O 

vP 

CO 

NT 

vO 

cn 

r^. 

»n 

Q) 

r- 

rH 

ON 

ON 

ON 

•H 

1 

1 

1 

! 

1 

P 

cn 

rH 

cn 

cn 

cn 

QJ 

r^ 

r^- 

n- 

c n 

P 

P 

P 

P 

P 

co  H in  OO  CN 

oo  in  h in  co 

H cn  sf  N"  i— I 

cn  p p p <t  m 

I I I I rH  | 

CP  CO  CO  CO  c^ 

X N IN.  N c/} 

fn  (iH  [JL,  fl*  O (P 


O U0  CO  CN 
Nf  NT  Np  CO  CP  CN 

in  m h p in  h 
n n cn  n n co 
I I I I I i 

CN  <N  CP  CN  CN  CN 

iNINlDINI^fN 

h h h h O O 


129 


QJ 

P 

p 

•rH 


p 

0 

U 

1 

03 

0) 

I — 1 

M3 

cd 

H 

X 

•r  H 

C 

0) 

a 

< 


a) 

4-1  h- 

Mh 

•h  tn 

to  CN  M3  M3  00 

M3 

t-H  > 

61 

D ON  CTN  c^ 

o 

co 

£ 

rH 

4-1  T3 

< 

O 

,C  Q) 

o 

■M  rH 

CN 

bo  a 

u3  Qn  Nl'  ro 

1/3 

C !> 

r- 

o o o o 

rH 

ai  u 

> — 1 i — 1 rH  rH 

rH 

i-l 

>-) 

iH 

M3 

co 

co  co  o>  o 

M3 

a o 

6( 

rH 

rl  H (J 

a 

60  cn 

c 

o 

o >,  a) 

H 

H H > 

MH 

O -H  ^ 

o 

'H  h tC 

CM 

CO 

to  3 ^ 

(J»  fs  CO  IN 

O'. 

iH 

cd 

,c  ?a 

Q 

ex  e 

TD 

i ^ 

M3 

P 

60  60  -U 

CN  M)  M3  oo  O'. 

03 

QJ 

C O -rl 

6C 

03  CN  CN  CN  CN 

03 

H rH 

3 

a 

O 3 

c 

o 

a)  -H  u 

H 

!s  to  3 

m-i 

o e 

o 

' 1 r-C 

CN 

CO 

MH  PUrH 

<T  O H 03  1/3 

K*'* 

cd 

rH 

nT  03  (3  03  03 

03 

ca 

o o o 

0 

Q 

4-i  U *H 

*“> 

"O 

XJ  o 

M3 

O *H 

^C^OHsT 

O 

Pu  U 

60 

M n <r  <f  03 

d) 

P 

M-l  (X  CO 

< 

O 

w)  cd 

& P Q 

O 

4J  ‘H  'W 

CN 

60  rH 

O rH  CN  *<3"  CN 

03 

C rH 

aj  *h 

rH 

-] 

LO<tMj-Nr-<r 

►H  M-l 

*~0 

33 

O 

M3 

•H 

O^COOCOIN 

<r 

H 

60 

CN  CN  03  CN  CN 

CN 

M-l  QJ 

o a 

<2 

/ — s 

rC  60  CO 

■H  C 

O 

60  *H  cd 

CN 

C H Q 

CinNs)-\i- 

U3 

QJ  QJ 

rH 

H 

CN  CN  CN  CN  Cs| 

CN 

l—l 

o 

3 

>“) 

rH 

M-l 

60 

C 

•H 

M3 

H 

-d-oooo^r 

ON 

P M-l 

60 

nrOMsTsf 

Cd  O 60 

P 

H £ 

<2 

a H -h 

H H 

S cd  QJ 

o 

o u £ 

CN 

H CO  o 

H sr  M)  M3  O 

M3 

M-l  rH 

rH 

Nt  -<f  -<r  ^ Ln 

l/3 

O Mh 

P 

CO  H 

>*> 

cd 

Q 

cd 

co 

H 

o 

cd 

QJ 

i — i 

Pi  to  M 

> 

P 

o 

CO  >H  Q) 

•H  • 

-1 

u 

•o  cO  01  H hj 

• 

H rH 

u 

XO  O *J  -H  1 -H 

rH 

«H 

p 

rQ  O 3 C > (X 

QJ 

P 

M 

o 

O 'H  CO  -H  Ph  3 

C/3 

CJ 

0 

u 

u > c/o  g 33  r> 

G 


130 


4-1  '-N 

CO 

•H  G 

i — 1 )> 

OJ0 

G 

3 

4-1  G3 

<3 

O 

-C  G 

m 

4-1  iH 

rH 

60  O 

G >, 

iH 

G U 

3 

CO 

P 

4H 

O 

i — 1 

co 

■ 

G 

a)  r- 

U 0 

too 

rH 

•H  4-1  44 

3 

o on 

g 60  G 

<3 

>n  rH 

O O G 

o 

G rH  44  > 

£ 

44  O "H  G 

m 

CD  *H 

•H  G G 

i — i 

4H 

G G G rG 

•H 

>->  >i  G 

rH 

rH  Pin 

G -C  G 

3 

<=>  g-  e 

nd  * 

£ a) 

Cd  rH 

rG  1 >•. 

CO 

i — 1 

G 60  60  G 

W -H 

G G O *H 

toO 

CD  > 

•Hi — 1 G 

3 

CO  CO 

6 G o G 

<3 

cd  d) 

O G -H  4-J 

rC  £ 

G & g G 

PX  *H 

44  O e 

m 

cd 

iH  -C 

i — i 

CD  O 

G 44  P P 

> 

fG  G 

i — i 

•H  U 

G 44  O U 

3 

U Cd 

P O G -H 

►o 

CJ 

3 CO 

T3  0) 

O H 

•a 

u cd 

'O  O 

co 

(X  TJ 

O -H 

P G 

toO 

CO  o 

G 

3 

3 £ 

44  P <—■ 

<3 

O 4J 

O G 

•H 

60  >- 

U 3 

-C  G G 

m 

cd  o 

G -H  Q 

i — i 

> 

60  P ^ 

TJ 

G P 

rH 

4h  d) 

G -H 

3 

O 4J 

P 44 

*-) 

£ 

co  cd 

T3  rH 

GJ 

o cx 

O 

co 

•H 

•H 

M CO 

U 

toO 

d)  Cl) 

4H  0) 

3 

a 3 

o cx 

<3 

•H 

G 

G G 
G O 
g 

4-1  G 
G G 
P G 
> 

60  -H 


,P 

G 

H 


/G 

G 

G 

P 

a* 

<c 


60 
C 
G G 
P S 


60  G 

£ K*' 

H cd 
H Q 


•H  i — j 

toO 

G 3 

£ 

G O 

•H 

Cl 

& 

u 

O G 

£ M-i 

toC 

rH  cd 

cd  O tot 

3 

MH  0) 

rH  £ 

<3 

CX  H H 

OJ  Jo 

u u 

X o 

g cd  a) 

m 

EH  CO 

O H £ 

i — i 

H CO  O 

MH  rH 

! 1 

• 

O Mh 

3 

<fr 

CO  H 

QJ 

cd 

rH 

Q 

U 
cd  a) 
> 

•H 

U 

r— I 

3 

o 


O <j"  On  i — i i — I 

on  on  oo  on  cn 


co  on  cm 

On  On  00  CO  On 


O VO  Nf  OO  ^ 

On  CO  On  CO  On 


CO 

00  On  On 


v£)  O0  O v£)  CO 
On  On  On  On  On 


sjvocoiAininroOHcoH^^HCsr  oo  h co  h m vo 

OOOOOOOOOOOCnOO  rH  O O r— 1 O !— I o o o 

1 — I I — I I — I rH  i — I 1 — I i — li-Hr-Hi — I rH  rH  rH  i — It— I rHrHrHt— |r— li — I i — I 


co<j-cN<-vo<j-r^m<i-nocsicNsDvococo 

rH  i — I rH  i — I i — I rH  rH  rH  rH  i — I rH  rH  rH  i — I i — I rH 


<]-  ro  co  o>  h-  i — I cn 


srr^Mvoncoo>LnNj-^Hs]-rNvoco(N  m h lo  h co  cn 

t — I rH  rH  i — I i — 1 i — IrHrHi — I t — i rH  rH  rH  rH  i — | i I rH  i — I rH  r — I rH  rH  rH 


vj-  vO  M CO  CO 
(N  CM  N CN  (N 


o n (N  m 

CN  CN  CN  CNJ  CM 


m H Nf  CJ  h' 

CM  CM  Cl  (M  CM 


'vC  tH 

CM  CN  CN 


v£)  vD  CM  C'  'X) 
CN  CN  CN  CN  CN 


OM  r--  vo 

Ol  CN  CN  CN  CN 


<r  N vMO  00 

CN  CN  CN  CN  CN 


CO  CM  vO  m O 
CN  CN  CN  CN  CO 


on 

CN  CN  CN 


fNioioc^o- 

CN  CN  CN  CN  CN 


cr>\OirirNNf^o>^) 

cocococococococo 


(NOO^COMOHO 

sJ-sl-CONN'd-Nsr 


CN  Is  00  i — I CN  00  O'  CT> 
COCNCNCOCOCNCNCN 


co  cm  co  co  co  co  <r  rH 

COCOCOCOCOCOCOCO 


co^mcocosfcoco 

cocococococococo 


Ch  sf  CO  X)  CM  o <f  O 
COvfCOCON-sl-sfNj- 


oo  o>  vo  c h*  n*  co 

CM  CM  C l CM  CO  CN  CN  CM 


H N CO  H N O Cl  M 
COCOCOCOCOCOCOCO 


O co  H 0>  X)  H ^ 
CO  N CO  CO  N CO 


sj-  co  <f  cm  o m co 

nT  CO  nT  <r  N-  nT 


CO  CT'  i — | O OM  O 
CO  CN  CO  CO  CN  CN  CO 


vo  nT  in  co  <j-  co 
co  co  co  co  co  co  co 


<3  H O ' MD 
CO  si  CO  co  co 


m oo  o n X) 

-<r  <i- 


O CO  rs  ix  cx) 

sT  CO  CO  co  CO 


co  cn  m n x) 
'Ct  <t  <t  <i*  <r 


CO  O O'  c 
CO  CO  NJ-  CO  si 


m vo  X5  x)  co 
•<r  <f 


co  co 

co  co  <r 


uo  m oo 


cn  on  o 
co  co  -<r  co 


v£)  CTi  X)  X)  X) 

<r  <t 


CO 

CN 

o 

00 

oo 

H 

o 

CN 

CO 

CO 

cn 

in 

rH 

m 

co 

CN 

VO 

00 

m 

CN 

CN 

OM 

oo 

O 

> — i 

CO 

o 

rH 

O 

vO 

rH 

rH 

O 

CTN 

cn 

vO 

O 

CN 

0) 
, _J 

CN 

CN 

CN 

CN 

CN 

i 

CN 

CN 

tH 

1 

rH 

CN 

i 

CN 

1 

CN 

i 

•ri 

H 

1 

1 

HT 

1 

1 

HT 

1 

<r 

1 

hT 

1 

hT 

Hf 

I 

hT 

1 

<r 

i 

hT 

cu 

r^- 

r^ 

r- 

r- 

n- 

r- 

r"- 

cn 

Ph 

fH 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

PH 

Ph 

Ph 

>40 

co 

O 

hT 

CN 

cn 

CO 

co 

rH 

ht 

vO 

O 

00 

co 

on 

CM 

On 

00 

-d- 

cn 

CN 

o 

CO 

-cr 

\D 

HT 

00 

<r 

CO 

CO 

rH 

CN 

CN 

CN 

a) 

co 

<T 

co 

m 

CO 

1 

00 

1 

CO 

1 

1 

HT 

<r 

1 

NT 

1 

•n 

i 

nr 

1 

CN 

1 

nr 

I 

CM 

1 

hT 

1 

CO 

1 

CO 

r"» 

r- 

a) 

n- 

r^- 

n- 

Ph 

Ph 

Ph 

Ph 

CO 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Appendix  Table 


131 


04 

MM  ^n 
•H  CO 

CO 

o 

r-  1 

o 

CM 

st 

CX) 

o 

rH  tO 

60 

C6 

06 

at 

a 

06 

00 

a 

cd 

d 

MM  H3 
O w 

< 

a) 

to 

4-J  rH 

60  U 

rH 

co 

st 

CO 

LO 

nO 

1 — 1 

co 

a >> 

rH 

o 

O 

o 

o 

o 

o 

o 

04  O 

d 

1 — 1 

rH 

1 — 1 

rH 

rH 

rH 

rH 

rH 

rH 

CO 

cd 

sr 

vO 

nO 

CO 

CM 

CM 

CO 

a 

O 

61, 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

*H 

4-J 

d 

6 

60 

4-J 

C 

o 

O 

t>6  C/4 

n 

rH 

U 04 

4-p 

o 

*H  > 

to 

•H 

M V-t 

rH 

M 

CO 

d cd 

st 

St 

LO 

sr 

CM 

sr 

st 

ko  +j  s: 

rH 

rH 

rH 

i — 1 

rH 

rH 

rH 

rH 

M 

XI 

cd 

d 

n 

a 

0 

!o 

i ^ 

co 

c 

to 

60  4-J 

CO 

CM 

CM 

CM 

sr 

CM 

to 

a) 

C 

O -H 

6C 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

*H 

rH  P-4 

d 

B 

U 

O d 

< 

o 

04 

•H  4-J 

B 

£ 

CO  Cd 

M-l 

o 

>%  B 

tO 

H 

rH 

to 

m 

P,  rH 

st 

to 

CO 

to 

CO 

NO 

cd 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CSI 

a) 

Mm 

o o 

d 

Q 

O 

4-»  *H 

no 

o 

co 

O 

•H 

LO 

LO 

LO 

NO 

CO 

CO 

NO 

CX 

4m 

60 

co 

CO 

CO 

co 

CO 

CO 

CO 

04 

d 

MH 

d.  /^N 

<5 

O 

CO 

60 

rC 

d cd 

LO 

4J 

•H  Q 

rH 

60  rH 

O 

C 1 

CO 

.H 

o 

00 

a 

B 

rH 

rH 

st 

sr 

st 

st 

sT 

co 

co 

0) 

•H 

d 

pJ 

MM 

•"0 

nd 

o 

CO 

*H 

06 

a\ 

CO 

CM 

O 

nO 

NO 

P-4 

60 

CM 

CM 

CM 

CO 

CO 

CM 

CM 

m 

04 

d 

o 

CM 

<3 

rH  ON 

ON  CO 


CO  LO 
06  at 


LO  CO 
06  ON 


CO  O 

o>  06 


h-  O H 'X)  OO 

06  06  Cn  06  00  00 


O st 

O 06 

rH 


u i lm  a;  u u r— I lo  o o «<r 

OOOOOrHrHOrHOOrHOO 


rH  rH  r— I rH 


CO  LO 
rH  O 


m H CW  CO  vj  ro  H (N  C4  <t  Nf 


sr 


*^cooNin<fco^ocN 
H H 1 — I rH  i — I « — It — I rH 


co  O'v  co  vo  st 


o sr 


uo  LO  LO  CO  NO 
N CN  CN1  M (N 


cocMa.NOoONOr^cMsr 

CJCNCNCNCNCNICNOICn) 


CM  LO 
CM  CM 


oo  cm 

CM  CM  CM  CM 


00  lO  00  CM  vO 
CM  CM  CM  CO  CM 


<r>  in  n 

CM  CM  CM  CM  CM 


ST  NO 
04  CM 


co  co  co  O in 
co  co  co  co  M co 


-*j-  lt>  sr  cm  sr  uo 
sr  st  sr  sr  sr  sr 


O rH  i — | r— I rH  O 
CO  CO  CO  CO  CO  CO 


00  O nO  H 06  o 
co  m-  cn  m-  cn  m- 


n n o n m n 
sr  sr  sr  sr  <3-  sr 


CM  CO  N O CO  O 
CO  CM  CNJ  CO  CM  CO 


lo  vo  06 

co  co  co  co 


rH  CM  CO  ST 

<3*  sT  CO  sT 


C6  sr  cm 

CM  CM  CO  CO 


rC  CO  CO 

u a po 
60  *H  Cd 
d H Q 
<u  ai  1 — 1 

hJ  £ 

o 


to 


sf  CO  O 00  to  CO  O 

co  co  co  co  co  co  co 


sr  sr 
CO  CO 


lvD  fN  iO 

CO  00  co 


C'  vD  CM 

CO  00  CO 


oo  to  co 
co  co  co 


NO  CM  CO 
CO  CO  CO 


to  nO 

CO  co 


T3 

0) 

d 

•H 


d 

o 

o 


I 

sT 


d 

•H 

4J 

a 

Cd 


a.  hj 
u 

g cd 


o m> 

M co 

LH 


o 

CO  u 


r’N 

Cti 

Q 


6C 

a 

•H 

M 

a) 

£ 

o 


O O O CO  o o O'V 
co  M M CO  vt  M CO 


io  o vo  m-  ^ in  n- 
sr  sr  sr  <t  st  <r  <t 


^ CO  In  H CO  O 

co  co  CO  CO  <t 


sr  co  vo  vo  oo 
st  st  sT  st  st  sf 


CO  sT  CO  h-  CT\ 
CO  CO  M’  CO  CO  CO 


nO  CO  CM  to  LO  to 
*-3*  to  Sf  ST  sf 


to  st 

co  co  st  co 


co  st  st  co 

st  st  to  st 


St 

LO 

NO 

U 

CM 

CO 

CO 

st 

O 

LO 

co 

06 

CM 

H co 

sr 

sr 

co 

co 

oo 

rH 

00 

NO 

o 

00 

06 

CM 

rH 

cd 

a> 

^o 

a 

CO 

t-i 

co 

rH 

co 

St  oo 

VO 

rH 

co 

CM 

CM 

06 

at 

m 

o 

vO 

m 

NO 

O 

't 

> 

d 

CO 

rH 

rs 

a. 

LO 

co 

NO 

CO 

CO  to 

to 

W) 

rs 

r- 

Cn 

CO 

co 

NO 

CO 

fN- 

LO 

CO 

CM 

06 

•H 

•H 

04 

st 

St 

co 

CO 

a 

o\ 

06 

04 

06  06 

06 

CO 

06 

06 

06 

a 

06 

06 

rH 

a 

06 

06 

04 

06 

r^- 

U 

rH 

•H 

I 

1 

I 

1 

1 

1 

1 

•H 

1 1 

1 

1 

1 

1 

1 

l 

1 

1 

1 

I 

1 

1 

*H 

| 

1 

rH 

CH 

CM 

CH 

St 

co 

CO 

CO 

U 

co  CO 

co 

sr 

CO 

CO 

CO 

co 

co 

CO 

rH 

co 

CO 

CO 

U 

LO 

tn 

d 

>-4 

04 

r^- 

r^ 

04 

o- 

r~- 

r^- 

r^ 

r^ 

rs 

0) 

r^ 

r^. 

o 

O 

m 

Pm 

P4 

Pm 

Pm 

Pm 

Pm 

m 

Pm  Pm 

ftp  p!4 

Pm 

Pm 

Pm 

Pm 

Pm 

Q 

Pm 

Q 

Pm 

Pm 

m 

Pm 

Pm 

Appendix  Table 


132 


CD 

CO 

m 

•H 

CO 

60 

i — 1 

p 

cd 

< 

4h 

T3 

O 

' ✓ 

m 

<D 

rH 

u 

rH 

60 

a 

rH 

P 

>% 

P 

0) 

o 

t-1 

rH 

co 

Cd 

a 

o 

60 

•H 

u 

•P 

P 

e oo 

m 

<J 

O O 

Po 

<D 

P rH 

4-1 

> 

*H  O 

•H 

p 

m 

•H 

P 

cd 

t — i 

CO  CO 

P 

rP 

rb  ^ H 

rH 

Cd  r P 

cd 

P 

q a 

e 

n 

PIOOMCcOOlOMaOfOCOvO 

o\o\coo\o\cocoo'o\u,o'la> 


COC'IC'-lOOC'JOr-HCiCNlOO 

OOOrHrHOOrHOOrHrH 


<}-'£>r^OcoinLnO'<f~3-oO(^ 


t'lHrNfoi^noioi/itsNn 

hhhhhhmhhhhh 


in  cc  co  o\ 
Cl  o>  co  oo 


owooo 

CO  CTi  O'!  CT\ 


00  i£>  00  <1- 
CO  Cl  00  CO 


CO  i — I i — I fO  Cl  N 

O tH  O O O O 
' I 1 — I H H 1 — I rl 


CO  CN  IT)  CO  CN 

O O O O O O 
ri  rl  rl  H H H 


u i n n n n in  c n co  co  co 


rr. 
I — I 


iC'licimicirvcoHiDNirno 

rlHHHrlHHNHHrIH 


X) 

a) 

3 

3 


a 

o 

u 


i 

-<r 


no  1 > 

on 

3 60  60  -U 

CD  fl  O *H 

6£ 

_ *rl  rH  p4 

p 

6 Pi  O 3 

<3 

O CD  -H  *J 

Pi  5 CO  CO 

m o mg 

m 

-H  D3 

«H 

co  m a h 

aj 

I — < 

O M o u 

P 

O O -u  -H 

►o 

XI 

T3  O 

CO 

O -H 

0.  Pi 

60 

CD 

P 

< 

O CO 

GO  !*, 

3 C O 

m 

4-4  -H  Q 

rH 

tCl  rH  w 

P rH 

rH 

aj  -h 

P 

H-)  <H 

*"0 

xj 

o 

CO 

•H 

Pi 

60 

*P  CD 

P 

O Ph 

< 

CO 

-P  60  ^ 

H»  P Cd 

m 

60H  Q 

rH 

P P ^ 

(D  CD 

rH 

hJ  £ 

P 

c 

*-n 

rH 

M-l 

60 

P 

•H 

co 

4~» 

P H-l 

6fi 

Cd  o to 

P 

iH  P 

<c 

a H h 

_ P P< 

g cd  a) 

o h £ 

rH 

p co  o 

4H  rH 

r H 

O ip 

P 

CO  p 

•“) 

rO 

cd 

a 

p 

cd 

CD 

> 

P 

•H 

H 

p 

rH 

rH 

p 

P 

u 

O 

'JNMHOH<NCM<fOH 

MPJCIINNMNCNNMCMCM 


NrONnHH<ticiit<fO(0 

CNCNCNCNCNCNCNCNCNCNCNCO 


KINCOiOiOlOiOlscoOinicl 

corocorotnoocococo^fcoco 


CNrHcNODr-OOrHcNrHi^oo 

'jsK,c*in>!fst>d’>a->4-ccicn 


fflOOOiOOO^OH'JO 

Nroncoiofococonrocoro 


<fcoii — liOhNiDCSO'Cj'COINic 

coconrocococo-vfcocofoivi 


HCONNCOCOmNCOOOitM 

<rcon-j-<rrocr)-<fo-)rc1-<i--<r 


C'lnvfHPiiri'CiocnincoH 


lO 

CN 

CO 

a) 

•H 

u 

(D 

CO 


LO  ^ O 

in  co  cr- 

rH  rH  tH  pH 
CN  N (%  Oi 
I I I I 

-3-  LTJ  LT)  irj 

P-l  PH  fi|  pL| 


st  H CO  O' 
O rH  rH  O'- 

CN  <M  <f  rH 

<y\  r>H  r^.  cr\ 

l l i l 

in  in  n m 

pH  pH  pH  pH 


H in 
O CO  o 00 
CN  CO  (N  H 
vo  o>  cn 
I I I I 
n in  lo  in 

pH  pH  Ph  pH 


'XJHCOfOcnsfCOvOCMvOOcO 

MCNCNCNCICNCnJCNCNCNCNH 


cosrsi-ino^in'iOsj-iniNcn 

cncncncncncnmcncncncncn 


fs'inh.'iOO'0>vOr\fNO'1CO(N 

COCOCOCOCOCOCOCOCOCOCOCO 


NOiONHHOMO^OCNO 

vtcn^^*sfs^s^^-cn<rs^<t 


o>incoh.cio>oocoocNrN 

CslCOCNCMCOCMCOCNCMCOCOCM 


<]•  Ci]  c j vj  ro  cn  m cn  in  i — I co 
cocococococococococococo 


ONN^N-ONCOCOOCOO^ 

<TCOCOCO<J-COCOCO^COCO 


loomvororo^inomioo 


CM 

CO 

a) 

•H 

Sm 

(1) 

C/0 


ia  m oi  pi  o co 

>n  rl  c Ol  M ID 

■<)•  O O CN  Pr 

CO  (Jl  In  | — r-r  00 
I I I I I I 
n i/o  uo  no  co  in 

pr  rr-  pr  r-r  r^. 

pin  Pm  [2-i  Pm  Pm  Pm 


0 m i— I cn  co  cn 

cm  co  -d-  -d-  eg  o 

01  00  O N Ol  rl 

ID  O 1^  00  iO  N 

I I I I I I 
in  m n in  in  m 

t-r  [-r  hr  |r»  r~.  |r. 
Pm  Pm  Pm  Pm  Pm  Pm 


Appendix  Table  A - Continued 


133 


P 

*4-4  ^ 

CO 

CO 

03 

00 

rH 

03 

•H  CO 

03 

00 

03 

03 

03 

rH  po 

6G 

p 

P 

4-1  U 

<J 

O w 

,P  P 

uo 

4-1  r— 1 

rH 

r^ 

UO 

rH 

pH 

60  a 

o 

o 

rH 

o 

rH 

p Po 

rH 

rH 

rH 

r — 1 

rH 

rH 

P U 

P 

i — i 

co 

cO 

<r 

03 

VO 

03 

a 

o 

6C 

rH 

rH 

t — 1 

*H 

4-1  4-1 

P 

& 

60 

CO 

< 

o 

O 

Po  p 

H 

i — 1 

4-1  > 

44 

O 

•H  H 

uo 

•H 

H P 

rH 

(A 

CO 

P rC 

o 

OO 

r — i 

co 

CN 

kO 

u 

i — 1 

r — 1 

l — 1 

rH 

rH 

rH 

cd 

rC 

p 

P 

Q 

(X 

e 

T3 

i H 

co 

P 

60 

60  4-1 

v£> 

UO 

CN 

uo 

P 

P 

O *H 

M 

CN 

CN 

CN 

CN 

CN 

•H 

rH  H 

p 

e 

U 

O P 

< 

o 

P 

•H  4-1 

h 

£ 

CO  CO 

M-l 

o 

>.  e 

U0 

1 — 1 

rC 

rH 

CA 

44 

CX  i — 1 

r- 

UO 

vO 

NO 

Po 

p 

rH 

CN 

CN 

CN 

CN 

CN 

cO 

M-l 

o o 

P 

Q 

O 

4-1  *H 

nj 

TO 

O 

co 

O 

*H 

03 

vO 

vO 

1 - 

cx 

H 

6£ 

co 

co 

co 

CO 

co 

P 

P 

44 

(X  /--v 

<J 

o 

CO 

60  Po 

rC 

P P 

i-O 

■P 

•H  Q 

rH 

60 

i — 1 s — ' 

CN 

CN 

CN 

o 

CvJ 

P 

rH 

rH 

<r 

<r 

a) 

•H 

p 

h-l 

44 

H) 

P3 

O 

CO 

•H 

o 

00 

03 

co 

H 

iC 

CO 

CN 

CO 

CN 

CO 

4h 

P 

P 

o 

a 

<C 

rC 

60  CO 

4-1 

P 

uo 

60 

*H  p 

rH 

P 

U Q 

<r 

CO 

vO 

vO 

vO 

<D 

a)  v_^ 

rH 

co 

co 

CO 

CO 

CO 

£ 

p 

o 

^0 

rH 

4-4 

60 

P 

•H 

co 

4-» 

vO 

C l 

n- 

CN 

P 

44 

60 

CO 

CO 

CO 

P 

O 60 

P 

i — 1 

P 

C 

CX 

4-1  -H 

U M 

6 

P P 

uO 

o 

44  £ 

rH 

CO  o 

vo 

UO 

o 

CN 

03 

*4-4 

rH 

rH 

<r 

UO 

4* 

<r 

O 44 

P 

CO 

4J 

Po 

P 

Q 

00 

H 

CN 

-1 

vO 

00 

- i 

uO 

P 

P 

.O 

o 

uo 

-T 

rH 

> 

P 

CA 

LO 

vO 

CO 

<t 

*H 

*H 

P 

03 

i — 1 

03 

03 

03 

4-1 

rH 

•H 

1 

1 

1 

1 

1 

rH 

H 

CO 

rH 

CO 

CO 

P 

H 

P 

r^. 

U 

O 

CO 

pH  Pm 

Pm 

IX 

cncOLO  in  oii/i  o N in 

Ol  CO  O'  O 00  CT\  CJ\  CTv  ON 


co  <n  in  n n oo  m m n 

OOO  iHOOOOO 


rH  ON  rH  » h m m <N  N 


n in  o i — i r— i p— i co  i — t no 

rH  i — I i — I r— I i — It— 1 i — 1 H l — 1 


<a  on  cm  m m vo  n n in 

CM  CM  CM  CM  CM  CM  CM  CM  CM 


n co  4 mmi'NinO'-D 

CM  CM  CM  CM  CM  CM  CM  CM  CM 


m in  (N  in  io  id  to  cn  co 

co  co  co  o o o m n cn 


00  H D N O Ol  N « H 

co  m}-  co  on  <f  on  <f  M -} 


in-cxolo  cm  vo  i-n  rH  oo  r~ 

cm  cm  cm  on  m cn  on  m n 


i — 1 i — 1 ON  O ON  CT\  UO  NO  r- 1 

co  co  cm  on  cn  cm  on  on  on 


CNJ  1 - CO  O 00  0C|  N 0^  H 

■<r  co  ~cr  uo  co  <f  co  -a-  <r 


o d -a  esc  co  n in  cn  o 

uo  -a  uo  m -a  m -a  -a  m 


CO 

CO 


rH 

rH 

CN 

o 

uo 

CO 

rH 

p 

co 

o- 

r — 1 

O 

p 

p 

u 

03 

03 

UO 

u 

4-1 

• »T“ ) rH 

p 

p 

1 

1 

1 

4-1 

•H 

rH  o 1 

4-1 

•H 

CO 

CO 

P 

CX 

p a > 

P 

P 

[•"- 

30 

O 

P 

CO  *H  Pm 

O 

P 

•rH 

Pm 

Pm 

Pm 

U 

^0 

> 

o 

CO 

134 


vO 

CJ> 
X)  rH 

<u 

a ) a 

co  *H 

X)  r-J 
C Pm 
cd 


O rH 
CO  *H 
> 

QJ  CO 


> 

o 


cd  cd 
e> 

XJ 

O 4-J 

px  cd 

xj  co 
ai  cu 
cu  4J 
co  cd 
T3 
4J 

co  00 

CU  c 

£ -H 

O 4-1 
rH  C 

cd 

O rH 
H Oh 

x>  p 
oo  u 

•rH 

(U  4-) 
rC  Cd 

r CO 

Pn  cu 

4-j  p 


Hi  rH 

P 


cd 

B 

XJ 

C 

cd 

oo 

P 

•H 

Hi 

CU 

S 

o 


H 

O 

CO 

H 

cd 

> 


C 
cd 

rH  <U 
4-1  JO 
>> 
4-J  O 

cd  co 


4-J  O 
rC  CN 
00  <H 
•H 

a)  4-1 
J2  o 

•U  T) 
C rH 

tfl  <u 
rH  *H 
Ph  !* 


in 

<u 


rO 

a) 

H 

X 

■H 

X) 

C 

0) 

cx 

cx 

C 


XJ 

XJ 

rH 

aj 

JO 

o 

o 

a; 

0) 

CO 

o 

<u 

•H 

op 

LO 

uO 

>* 

.X 

I — 1 

CN 

o o o o o 

i'-  ro  cm  cm  oo 

oo  -s  l i <r  rs  h 

r—tr-i  CM  i — I CM 


oooooooo 

C000Mf00<j-00OtH 
COOIHNOhNM 
i — I i — I CM  CM  CM  CN  CM  i — I 


O O O O o 

I'-  < — I 4~i  *<r 

OOMn  rH 

CO  CO  CM  CM  I rH 


60 

CX  4H 

p 

-C 

•H 

4-1  M 

4-J 

c n -h 

p 

a)  qj 

cd 

S rC 

rH 

o 

PH 

rJ 

V£> 

HI 

4-J 

M Po 

CO 

00  4H 

P 

*H  *H 

u 

<U  Hi 

p 

rC  P 

4-J 

ec 


rfi  £ 

B 

0 

CJ 

4-J  i — 

Ph  4-1 

cd 

i — 1 4-J 

PH  Cd 
XI 

cd 

XJ  rH 

rP 

cu  cu 

CU  -H 

60 

CO  >- 

60 

XJ 

O 

PH  4J 

p 

rP 

•H 

4-J  60 

X— N 

4-J 

CO  «H 

g 

P 

CU  CU 

CJ 

cd 

£ rC 

M ' 

i — i 

o 

PH 

rH 

O 

Csl 

4-J 

>i 

rC  >. 
60  -M 

rH 

•H  *H 

P 

QJ  Hi 

& p 

B 

4J 

o 

4-J  Cd 

5 B 

cd 

rH  4-J 
PH  Cd 

4-j  60 

rP  P 
60  *H 
•H  Hi 
QJ  QJ 

& S 

B 

O 

u 

4-J  rH 

P 4-i 

cd 

rH  4-J 

PH  cd 
co 

CO 

Hi  CO 

<N 

cd  cu 
> P 

CO 

H *H 

QJ 

4-J  rH 

*H 

H 

Hi 

P Hi 

QJ 

u o 

CO 

00  <J-  CN  CN 
rH  rH 


srr^HoD^corN^rsvOLn^^cN^CNjLo 


4-0  CO 


H N Hf  M H N 
40  CO  40  UO  CM  CO  <t 


MOCOHOrH-Cf 

uo  <r  40  -j  in  40 


40  CO  O CM  00  CM  CM 
40  -S  -S  40  CO  40  40 


04  rH  O CO 

40  ~d-  -s  co 


O rH  04  CO  04  CO 
CO  CM  CO  CO  < — I CM 


i — I CO  CM  cO  CO  M 
CO  CO  CO  CO  CO  CO 


04  40  40  rH  H 1^- 
CO  CO  CO  CO  CO  CM 


N CM  H ® 
CO  4f  M CM 


r-  O 

CM  CM 


o o o o o 

04  N 04  H O 

04  40  O-J  CM  O | 

CM  CO  CO  CO  Mr 


o o o o o o o 

O CM  CO  <f  CM  rH  Hi- 
'S' 04  O rH  04  00  40 

co  CM  c . CO  CM  CO  co 


o o o o o 

40  -S’  oo  04  40 

CO  O CM  C'  | oo 

CM  CO  CO  CM  CM 


O 

o 

o 

o 

m 

rH 

co 

rH 

oo 

r^. 

00 

co 

CN 

CN 

CN 

04  r 
r 1 


■JfflNOr|(34i004000\OHC(3\040uOMO 

rH  rH  rH,HrH  HHHHHH  CM  H rH  rH 


I--  CM 


MOU1JIHOHH 
4~t  40  40  40  Hj"  40  40 


04  04  CO  CO  04  40  04 
40  40  40  40  40  40  40 


40  oo  i — i in  o co 

“0  Hf  41  f4  f4  N CD 


NT  00 
40  CO 


r~-  <i-  -s  co 
Cl  co  MM- 


00  O 40  04 

CO  4f  CO  4f 


40  p'  -s-  o 

CO  CO  CO  <f 


O Hf  04  04 
40  Ht  CO  CO 


04  00  CO  rH 

co  co  40  40 


-S'  rH 
40  <f 


40  40 
CO  CM 


-S'  O CO  co 

40  CO  CM  04 

0 o o 04 

CM  CM  CM  rH 

1 I I I 

4f  M 4t  4t 

r''  r-' 

pH  pH  p-|  FH 


-S  00  rH  CO 
O'  c--  O O 
N 40  o Cl 
CM  CM  CM  CM 
I I I I 
-s  -s  -s  <r 

i — i — . r~^  ('■' 

pH  Ph  pH  pH 


O CM  04  -S 
I'r  CO  N 00 
CT4  -S  04  40 
rH  CM  rH  CM 

till 

-S  -S  -S  -s 
r~~  r^-  i — r^- 
Ph  Ph  Fh  Ph 


40  O O 40 
rH  40  CO  00 
CM  rH  rH  40 
CM  CM  CM  CM 
I I I I 
Hf  -J 
r-'  r-'  i^- 

Ph  Fh  Ph  Ph 


vO 

vO 

00 

co 

CN 

O 

24 

m 

av 

r- 

i — 1 

X 

CN 

CN 

<r 

o 

VO 

a\ 

o 

< — 1 

i — 1 

VO 

CO 

•H 

CN 

CN 

CN 

CN 

CN 

QJ 

r^- 

av 

1 

1 

| 

1 

| 

i 

*H 

1 

i 

<d- 

Hi 

cn 

cn 

r-- 

r\ 

r 

QJ 

r>. 

Ph 

Pm 

Pm 

Pm 

Pm 

Pm 

CO 

Pm 

Pm 

135 


D3 

cu 

D 

C 


C 

O 

u 


LO 

CD 

rH 

-D 

CD 

H 

X 

•H 

'd 

C 

CD 

CX 

CD 

< 


T 

3 CTj 

HO  r- 

H 42 

qj  a 

[)  \ 

0)  *r 

bo 

c n p 

6 

ho 
c o 

V ' 

C 

Dh  4- 

•r- 

4 

4- 

4-J  {> 

D ^ 

CO  *r 

B 

qj  a 

s 

r— 

3 4 

Ph 

o 

4 

u 

4-J 

CO 

42  > 

) 

3 

CO  4- 

bi 

•H  *r 

3 

a>  u 

/**N 

C 

rC  3 

B 

4J 

u 

4-J  CTj 

'wr' 

t Plan 
£ at  m 

^ fl 
60  -H 
•H  J-j 
CD  ID 

-C  3 

e 

o 

o 

Hi  rH 

C m 
cO 

i — I 4-1 

Ph  ID 
T3 

N 

CTj 

DO  r-H 

42 

ID  ID 

HI  -H 

bO 

OO  >- 

0£ 

D3 

o 

CX  4-1 

C 

rC 

•H 

4-4  00 

U 

W -H 

'b 

c 

ID  0) 

u 

(TJ 

3 hc 

v — ' 

iH 

o 

Ph 

HI 

O 

CN 

4-4 

Pn 

-c  Po 

00  4-J 

r-H 

3 

a>  u 

42  3 

e 

•U 

u 

4-J  CTj 

v-' 

eight  Plan 
ering  at  m 

'“S 

-c  s 

B 

o 

u 

U r-H 

w' 

C <4-4 
CTj 

H 4-1 

^ CTj 

CO 

U CO 

CN 

CTj  <]) 
> PJ 

CO 

H *H 

0) 

U)  rH 

•H 

H 

0 U 

<d 

CJ  o 

co 

O 

IN 

I I LO  I 

CN 


o o 

CO  o- 

I I M N 

eg  r-t 


O O O O 

sf  N CN  lO 
N O CD  1T| 
CN  CN  CN  CN 


o o o 

N CO  O 

co  m rH 

CN  CN  CN 


o o 

O CM 


00  In. 


I 


CNM-DOOlO'Orv<tO«JN(JivfinvDcONO'£i 


>n  <f  <f 


OMD  CD  O O OlcO 
CN  CD  <F  CD  CD  CD  CD 


H rD  N CD  ID  CD 
-J  <f  -D  ID  <f 


O CC  D cC  N W 
■O'  <f  <r  co  <r  lo 


CO  CD  CO  D O 

CO  O'  CO  CO  CO 


<M  O CM  co  co  O 00 
CM  CN  CN  CM  CM  CO  CM 


i — I CM  D\  O vO  t — | 
CO  CO  CO  CO  CO  CO 


CO  O'  CO  CN  uo  00 
CO  CN  CO  CO  CO  CO 


CM  CO  CN  U0  VO 

CO  CN  CM  CM  CM 


O 

CM 

I I OD  I 

CM 


O O o 

CO  O'  O' 
I O O'.  NJ- 
CD  CM  CO 


o o o o 
CM  O D M 

M0  rH  CD  U0 

CO  CO  co  00 


o 

o 

o 

O 

o 

o 

o 

o 

'•d- 

m 

4 

CN 

cn 

LO 

cn 

<r 

4) 

CN 

O 

00  I 

cn  | 

1 CN 

CN 

CN 

co 

CN 

co 

cn 

cn 

cn 

cn 

HCMcDOOOJOlDuDHDOCOlNN^CMDOOM 

rH  1-1  rH  rH  rH  rH 


CO  D D 00 


CM  CO  D N VO  CD  oc 
D CD  M CM  D D M 


CO  O CO  OM3C  M 
D D D -Cf  D H 


D CD  Oc  O H Ol 
D D H D cO  N 


o O'  rH  <1-  o 

CO  CD  <f  <f  D 


O CO  in  CM  oo  D CO 

CO  CN  CM  CM  CN  ro  00 


CO  CO  OC  D CM  D 
CO  CO  CO  co  nJ-  co 


M M M CO  IN  CM 
co  Nl-  co  CO  -cf  U~| 


00  On  ,-H  ,-H  vo 

CO  CN  00  CO  CN 


H CD  CN  CO  H H 
CO  OC  N Oc  D D 

1/0  [N  |N  H Nt  f'N 

C0i  Cr  ON  CO  CO  OM 

I I I I I I 

co  co  co  O oo  co 

On  On  I'N  rN 

h Dc  h h Dh  D 


OD  rH  CO  C0  M3  O 
CO  CO  00  a\  <f  H 
Cn  M M M CD  D 
O'  D CO  CD  CO  CD 

I I I I I 1 

CO  M M <T  CD  M 

IN  |N  |N  fN  On  rN 

Ph  Ph  Pm  Pm  Pm  (H 


co  CO  Nf  00  Np  U0 
CD  1 — I CO  OD  00  CO 
t — I CD  O'  In  CD  CO 
•?  O'  CD  H CO  O' 
I I I I I I 
CN  CO  CM  CN  CO  CO 

IN'  On  C-  fN.  On  rN 

Ph  Ph  Ph  Ph  Ph  Ph 


cn 

25 

oo 

cn 

CN 

cn 

a> 

CN 

4 

00 

00 

4> 

CO 

r-. 

o 

in 

m 

in 

<t 

<D 

Os 

O' 

i 

1 

i 

I 

i 

i 

CN 

CN 

U 

CO 

CN 

CO 

co 

0) 

r^ 

rn 

r^ 

Ph 

Ph 

in 

Ph 

Ph 

Ph 

Ph 

136 


/*“N 

T3 

cd 

TJ  rH 

rC 

CD  0) 
0)  *H 

PO 

co  > 

Hi 

xj 

w 

o 

c 

pH  P 

•rH 

rC 

p 

P PC 

a 

CO  *H 

Is 

cd 

Cl)  <U 

o 

r-H 

£ rC 

PH 

o 

HI 

vD 

P 

P 

co 

rC 

3 

00  P 

u 

•H  «H 

3 

0)  P 

< 

rC  3 

6 

4J 

a 

Plant 
at  ma 

* 

P OO 

rC  C 

00  *H 
•H  p 

<u  a) 

rC  £ 

Is 

o 

CJ 

P rH 

G 4-i 
cd 

rH  P 
Ph  cd 

TJ 

cd 

T3  i — 1 

rC 

a)  a) 
a)  »h 

PO 

w 

Hi 

'w' 

T3 

O 

W3 

Ph  4J 

G 

rG 

*H 

P PXj 

/-s 

P 

CO  «H 

£ 

G 

<D  0) 

U 

cd 

& G 

i — 1 

O 

PH 

HI 

o 

CM 

P 

.G  Ph 

> 

PC  P 

r— I 

•H  *H 

3 

0)  P 

h:  g 

e 

p 

a 

p cd 

g s 

cd 

rH  P 

V/ 

TJ 

Ph  cd 

CD 

3 

G 

P PC 

•H 

rC  G 

p 

PO  *H 

G 

•H  p 

o 

aj  <v 

u 

rC  £ 

s 

o 

CJ 

1 

P rH 

G P 

LPj 

cd 

rH  P 

0) 

Ph  cd 

rH 

rQ 

cd 

H 

X 

CO 

LO 

p CO 

CN 

•H 

cd  a) 

> G 

CO 

c 

•H  *H 

a) 

0) 

P rH 

•H 

ex 

— 1 

P 

a 

3 P 

CD 

<3 

CJ  o 

O J 

O 

O 

o 

00 

CO 

o 

CN 

ON  | 

1 1 <3- 

CN 

CM 

oooooooo 

oh^nonost 

tono'OHun'iN 

i — li — I i — I CM  CM  , — | CM  N 


O 

O 

o 

o 

O 

vO 

<r 

CO 

ON 

CN 

l r^ 

1 

co 

iH 

CN 

CM 

CM 

CM 

iciicimcNio>c»orcuoi^nf0ffla.NO\M-rs 


N IM  sj  N VO  >0  ICl 


cOtHr-savoiMi'ssa-ooOr-siMCMr'sC'Oi— |>H 
M'M‘^rO'troicicoM'cn<froinin'<rco>ain 


•sf  a\  ps  CM  Ov  00  CM 

cn  ro  <r  <r  <r  -<f  lo 


cocnoicoooicmoco 

CMCOCMCMrOCMCOCOCM 


Cl'Cu-IOOCOCSCOM- 

CC|NCC|CC|riM-'TCC) 


CM  ps  O H 00  <T  00 
CM  CM  CO  CO  CO  CO  O") 


O O O 
r-  r-s  rH 

vo  o cr\ 

CO  CO  CM 


c o 

uo  CM 
I VO  vO 
CO  CM 


O O o 

VO  CM  H 
ICl  vD  CO 
CO  CM  CM 


OOOOOOOO 

ococomcncooo'j 

voriM-MCMnno 

CO  CO  CO  CO  CM  CO  CO  CO 


O 

o 

O 

O 

O 

CO 

r- 

00 

CO 

<3- 

1 r^ 

1 co 

<r 

co 

CO 

co 

co 

CM 

cc^OOOCMvOCJvOvOOcJOcTvvOOcjvCMOvuocO 

1-1  rH  iH  pH  rH  r-l  rH 


O N VO  N (v  IS  IS 


corHOvHooOcoavvouoCTvr^is-oinrsrHfs 

<j-s)-Mfsa-sjmvocouococo<i-vovoirivot^-vo 


CM  Ov  vO  uo  00  CM  vD 

coi  Mf  o-  uo  u~i  uo  U0 


i — I OV  Ml-  VO  OvcOvOCMOOSvDps-a-rOLOlJOi — IvO 
co  cm  co  co  cocos3-co<rcMcocoMi-M)-<ruou~isj- 


co  oo  ov  as  co  vo  cm 
CO  co  N co  -C  co  vf 


i— icors-j-vocoeocOsj- 
MciMrionomco 
corsCsMfvocor^covo 
OVOVO\COrHOOa\CTVrH 
I 1 I I I I I I I 
COCOCOCO,-HCOCOCO|S~ 
rsis.ts.r^rs.ts-rs-rs.vo 

fefePqfiHliilXipiHQfe 


OMOcOCOcOv}HIM 
00  vO  VO  N CM  Is  i — I Ov  CO 

rscncooNiniricoM' 

ovavovosavovcoavav 

I I l I I l i I I 

cocOcOcOcocOmTCOcO 

IsfsNIsNrsNNN 


vO 

CM 

VO 

i — 1 

00 

O 

ON 

» — 1 

<r 

r^s 

CO 

rH 

00 

O 

O 

CO 

CO 

00 

i — 1 

rH 

00 

CM 

oo 

CD 

*H 

i 

■ 

■ 

vO 

vD 

P 

i 

LO 

i 

m 

i 

CO 

1 

LO 

1 

m 

1 

m 

1 

m 

CD 

r^ 

n- 

c n 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

137 


"O 

Q) 

P 

P 


a 

o 

o 


LO 

qj 

rH 

rn 

cd 

H 

X 

•H 

TO 

a 

QJ 

a 

pl 

< 


X 

cd 

TO 

i — 

rC 

O 

O 

o 

O 

QJ 

a 

co 

m 

O 

vD 

QJ 

•r- 

60 

1 <o 

'sO 

nO 

CO 

> 

v ' 

rH 

rH 

CN 

CN 

60 

a 4-i 

P 

-C 

H 

■u  6C 

u 

W -H 

P 

at  cu 

cd 

& rC 

rH 

o 

Ph 

hJ 

nC 

4-J 

4 1 

rC  >- 

CO 

60  4-J 

P 

•H  *H 

60 

QJ  U 

P 

rP  P 

< 

4-J 

a 

cd 

H 

PL,  Cd 


rP  ^ 
60 
H H 
(U  CL) 
^ £ 
o 

4~»  rH 
P 4-1 
cd 
H 
PH  Cd 


T3 
X)  rH 

a)  cu 

QJ  -H 
CO  > 


60 

PL  4-J 

P 

rP 

•H 

4-J  6C 

U 

CO  »H 

P 

qj  qj 

cd 

£ rP 

rH 

o 

Ph 

P3 

O 

CN 

4-J 

rP  pH 

H 

60  4-J 

rH 

•H  *H 

P 

QJ  U 

*~1 

rP  P 

4J  Cd 

P 8 
cd 

rH 
Ph  cd 


6C 

^ 2^ 
60  *H 
•H  H 
QJ  QJ 
£ & 
O 

4->  rH 
G 44 
cd 

H 4-J 

PL,  cd 


CO 

H CO 
Cd  QJ 

> a 

•H  *H 
■U  rH 
rH 

P H 
CJ  O 


cd 

60 


o o o o 

O iO  O'  VO 
rH  'O  N 


o o o 

CN  H H 
H nT  H 
CN  CM  CM 


^ a>  H OO  vj  r\  H 


on  ct\  cm 

CN 


COOO^COO>COO>^COC^COCN 

NrmminroMo^iriinsr^vo 


iOCO(^'T(^CN)OO^CdiriNncO 

cOrOfOcOHiO'JCNcOcorOvjn 


OOOOOOOOOCOOO 

ONOr^<j-ro<tr^MOLnoo<tLO 

Cr)t^^HiOH00ls'h>invOLTiH 

cococococococncncncocncoco 


OOCN-vf  HO^O>H(nO(^^Oin.|n 
rH  r-t  rH  rH  HCNHCNHHCNCN 


HnvDHNHOOfdsr^C^^H 

vOvomvoiocoNr^Nisioooc 


cOHtsOvoc'jco^jioiNniNr^ 
^ vJCO^sJsJ-v^sJ^j-lOlO 


NHH^CTiCTiNriNH'^N 

^•Q-coinrsooo^ooinoo 


00 
O'* 

i — I (N  H vO 

I I l l I 

m LT)  LT)  LO  CN 

r-*  r^.  r^ 


CN  On  On 

I I I 

nT  lOLO 

r>. 


PhPhPhPhPhPhPhPH 


rH  rH  CO  CN  CN 
^ Cn  On 

I I I I I 
lo  m o in  m 
r^r^r^r^r- 

pH  PH  PH  pH  pH 


O 

o 

o 

O 

O 

O 

O 

r^ 

r- 

00 

CN 

rH 

an 

IT) 

<t  1 

1 1 rH 

CN 

1 nO 

CN 

rH 

CN 

rH 

CN 

rH 

rH 

rH 

niOinccooiDiocN 


Hnjsj[No>h»H‘HNrOcn 
^ cninsrinH-sj-^o^ 


OOuDOOM/^OnTCOOiO 

cnnjcncnmmNrncNNrn 


o o 


o 


O 

o 

C 

o 

o 

o 

O 

On 

co 

rH 

o 

an 

1 — 1 

ND 

CO 

O 

o 

CN 

00 

1 CO 

CN 

CO 

CO 

co 

CN 

CN 

co 

rn^fNincnN-r^NN-vo 
r"H  H H rH  rH  rH  rH 


cnOMniSsr^HCNOHON 

'Ominvi'^otnioinvoiNin 


vf'OcN^oinmNroiovo 

coco>d-co<j-cN-d-cO'<j-'d'<r 


r^» 

CN 

CO 

QJ 

•H 

U 

a> 

on 


o co  an  co  <r 

CN  CN  iO  i£)  vO  CO 

CN  G>  CO  Q>  CO 

MO  vO  i£)  \D  VO 

I I I I I I 

m in  m in  in  m 

pH  Ph  pH  pH  Ph  fin 


0 co  m h ai 

CN  on  CO  CN  CO 

on  oo  O o 

vo  in  co  n 

1 I l l l 

in  in  in  m in 

r^-  r^-  r- — r — r~^- 

Ph  Ph  Ph  Ph  Ph 


138 


X 

<y 

% 

c 


■U 

c 

O 

1 


in 


-Q 

cO 

H 


to 

c 

01 

ex 

9r 

<1 


/—s 

X 

cd 

X r- 

X 

Qj  a 

\ 

CD  *r 

00 

CO  > 

N-r 

no 

O 

0J 

PM  4- 

G 

rC 

•H 

4-1  OJ 

: 

4-1 

CO  -H 

B 

G 

0)  QJ 

o 

cd 

£ rC 

i — 

o 

Ph 

rG 

NO 

4-» 

u 

rC  > 

, 

CO 

00  4-J 

2 

*H  *r- 

Of 

0)  H 

/'"■N 

G 

rC  G 

6 

< 

u 

o 

Plant 
at  ma 

' — ✓ 

4J  01 

x:  G 

Of)  *H 

•H  p 
Q)  0) 

/'"N 

^ £ 

s 

o 

o 

H rH 

'■w' 

G <4M 

cd 

rH  4-* 
PM  CO 

/'•  S 

XI 

id 

X rH 

rG 

a)  a) 
a)  -h 

00 

^ PH 

N^/ 

X 

o 

oo 

CM  4-1 

a 

rC 

-H 

4-1  Of 

g 

4J 

CO  »H 

CJ 

G 

cu  a) 

cd 

£ x: 

i — i 

o 

Ph 

gi 

O 

CN 

4-1 

-C  PH 

to 

00  4-1 

i — i 

*H  *H 

G 

a>  p 

B 

X 

.G  3 

o 

4J 

—s 

Plant 
at  ma 

■Ml  00 

rG  G 
00  -H 
*H  p 

0)  <D 

B 

x:  £ 

o 

o 

N-/ 

4-*  i — 1 

G Mh 
cd 

rH  4-1 
PMj  Cd 

CO 

r- 

P CO 

cd  co 

CN 

> G 

CO 

H *H 

0) 

•Ml  rH 

•H 

H 

P 

G P 

CD 

u o 

CO 

o o o o o o 

lO  O Ol  O l/l  <3- 

I I CO  Ol  CO  Ol  H I N 

H H CM  H N CM 


CTir^oor^-o-cMoocrsr^ 

r-H  rH 


icnCNioco-ooiOiri 

>n.4tMi-<t-inin-ci-in<i- 


COCOM-NOICOCOIOCO 

COCOCOCOCOCOCMCOCO 


o o o o o o 

n-  co  o « o m 

oo  | | I CO  i — I CM  i — | i — t 

CN  CO  CO  CO  CO  CO 


O 00  CM 
I — I 1 — I 


CO  N CO 
T — I I — I 1 — 1 


nC  n£)  CT\ 
i — I 1 — I r-H 


InODCOOOvOvOlOHn!- 


^NOmT'O^vOCOm 
<}•  st  sj  sj  -vt  O0  <t  m 


m oo  m 
co  cn  cr\ 
00  r-H  O 

VC  N IN. 

I I I 

in  in  m 

PM  pH  fj_, 


i — I CN  CN 

<r  <r  o 

O NH 
N CXJ  N 
I I I 
in  m m 
r^ 

Pm  Pm  Pm 


h o in 
in  h 
n- 

n co  n 

l l I 

co  in  cn 

Pm  Ph  Ph 


o 

O 

o 

o 

o 

G\ 

CN 

l -<r 

CN 

CN 

CN 

i — l 

O O O O O 

4 ^ O N 'J 

-4-  rH  ON  CO  o 

(N  CM  H CM  CN 


O O O O O 

CTn  CTi  CO  CO  CN 

no  cn  in  co  co 

rH  rH  T-H  rH 


G\ 


oo  rH  in  in  no  cn 

•H  rH  rH 


CO  (O  In.  (N  O H O 
«H  rH  CN  CN  CN  CO 


conjincocoincor^cNco<i-oor^NO 

N-NTNinN-N-insj-invovoc^c^ooc^ 


m co  no  o in  c . n no  co  h oo  o o co  i — i 
(OcOCN(OCNcOCOcO(0<J'<JnOnOnOnO 


o o o o 
•n  fn  in 

! o o o n 

nT  CO  CO  sf 


O O O o o 
nc  co  o rH  <r 

cn  co  no  rN 

CO  CO  CO  CO  CN 


O O o 

h *n  f"-' 

00  NO  I I 00 

CN  CO  CN 


O 00 


r'-r^coincNoocOrHCNrH 

’ I » — I rH  CN  CN  i — I CN  CN  CN  CN 


in 

CN  CO 


OcoooLncooocoLnocor^NOrHCN 

NONONOvONONONOr^NO00r-cr\O'ic^rH 


n in  co  co  , — iNOCtNHOinrocohCN 
^Nt(ONf^<tmmmvDinr,  tninco 


00 

CN 

CO 

0) 

■H 

Xi 

<u 

co 


cm  o in  co  cm 
n <f  m-  <r  n 
h in  m h in 


coioHHstmHinoo 
HOM-sfiooomHin 
M-'omMnHt'iMM 
NHaioioitMoioioisfininincMin 

1 1 I II  II  I I r-H  | | | II 

oOrHcnmcncTimcncn  n cm  cm  cm 

r~r'-n.n-r''\£>n-r^.n.  w i4)  N n M)  n. 

PnIXl|iif^pL|(xl|xj|jL,|i,  O h h h h fn 


July  20  Planting August  6 Planting 

Cultivars  Plant  height  Plant  height  Lowest  pod  Seed  Plant  height  Plant  height  Lowest  pod  Seed 
or  lines at  flowering  at  maturity height yield  at  flowering  at  maturity height yield 


139 


cd 


as 

o 

o 

o 

O 

O 

o 

O 

O 

\ 

rH 

I— I 

04 

co 

CO 

ro 

L/0 

vD 

op 

o 

rH 

co 

O 

1 — 1 

o 

Os 

AS 

rH 

r H 

04 

04 

co 

04 

rH 

S 

o 


OJ  OJ 


co  co  n ^ o 

i — I 04 


e 

u 


O'  'sD 

on  on 


o m vo  vo 
mi  m nt  m oo 


e 

u 


ON  00 
LO  LO 


o sf  sj-  <n  cn  oo 

n n m m sf 


cd 

rC 

o 

o 

o 

O 

o 

o 

o 

CO 

rH 

I — 1 

i — 1 

VO 

1 — 1 

Of 

1 o 

CO 

cr. 

i — 1 

CO 

o 

rH 

AS 

CO 

CO 

04 

co 

co 

CO 

CO 

e 

O CO  N 

OJ  CN 


o co  rn  in 

rH  rH  rH  04  04 


£ H 

a oo  o]  a->  o o o 

H H LO  in  o IT,  fs  o 


e 


04  00 
00 


rH  04  O H vt  00 

m <r  ^ <r  lo 


cd 

00 

w 

04 

o 

(Js 

04 

rH 

P4 

cd 

M 

O' 

rH 

o 

cd 

H 

<1) 

OJ 

CO 

U 

*r~) 

cd 

cd 

•.  H 

1 

| 

U 

rO 

O 

4-» 

•H 

H 

04 

04 

£ 

A3 

O 

c 

c 

CD 

O- 

O 

O 

•H 

cd 

r i 

CO 

O 

O 

o 

a 

> 

CO 

s 

I 

> 

E3 


0) 


a a) 
o 


140 


no 

• 

rH 

r^. 

CD 

r>* 

•r 

P 

td 

> 

rP 

CD  iH 

CD 

ra 

60 

CO  p 

CD 

•H 

(D 

V— ✓ 

CO 

a >p 

6£ 

P (H 

P 

*H 

4-1  4-1 

i — 1 * 

•M 

CO  ^ 

/•^ — s 

•H  CD 

a 

P X)  w 

g 

O i — 1 

cd 

£ O »H 

u 

CO  rH 

rH 

O PH  CD 

•H 

PH 

rC 

CD  > 

> CO 

CO 

O <D 

4-1 

rO  P 

4-1 

rP  > 

P *H 

CO 

60  4-i 

P 

P 

•H  *H 

TJ  O 

6C 

CD  Hi 

o 

P 

rC  P 

g 

PH  4-» 

< 

4-1 

a 

P 

H Cd 

w 

T3 

p g 

CD  CO 

cd 

<D  CD 

rH  4-1 

CO  4-1 

Ph  Cd 

cd 

4-1  HJ 

CO 

H»  6£ 

CD  60 

JZ  P 

£ P 

60  *H 

o -h 

•H  ^ 

rH  4-1 

(D  CD 

/— s 

P 

,c  £ 

g 

o cd 

O 

a 

4-»  rH 

4-1  rH 

' ✓ 

a. 

P 4h 

4-1 

p 

rC  O 

rH  4-1 

60  £ 

PH  P 

•H  4-» 

CD 

X HI 

cd 

PD 

1 — 1 

CO 

CD 

/^*N 

4-»  CD 

•H 

P 

*h  a 

rP 

P rH 

ra 

60 

H 

CD 

Cd  Hi 

CD 

' — ✓ 

g o 

CO 

Os 

Tj  CO 

P 

a u 

*H 

4-i  4-1 

cd  cd 

4-1 

CO  x 

> 

P 

CD  "P  60 

A~S 

60  *H 

CO 

£ O -H 

g 

P Hi 

i — 1 

cap 

u 

*H  i — ( 

PH 

hP  ,p 

^ P 

CD  U 

LO 

£ 

rH 

4-» 

o a 

rC  tH 

rH  Cd 

K 

60  4-4 

4h  CD 

rH 

*H  ‘H 

rd 

P 

CD  Hi 

H 

*1 

rP  P 

g 

cd  o 

4-1 

a 

CO 

4-1  P 

V-^ 

4-1 

p g 

rC  H- 

p 

60  00 

rH  4-1 

•H 

PH  P 

CD  MH 

^ O 

4-4  60 

4-1  rO 

p 

P i — 1 

60  *H 

cd  (D 

*H  H 

rH  *H 

(D  QJ 

r-N 

PH  pH 

rC  £ 

g 

O 

o 

4-4  rH 

— ^ 

• 

p m 

vO 

p 

r — 1 4-4 

CD 

PH  P 

rH 

,-P 

cd 

H 

CO 

CO 

r< 

H CO 

CNJ 

•H 

P QJ 

T3 

> PS 

cn 

P 

*H  *H 

QJ 

CD 

4->  i — 1 

•H 

P. 

rH 

H 

P H 

QJ 

< 

o o| 

cn 

AS  Ai  AS  AS  AS  -H  AS  *H 

I I I I I I I I 

cdmronjnjcflconj 

oooooooo 

r^Lnr^(y,r-^OO^H 

r^r^r^cr>r^cy\ooc^ 

H < I i — i i — I i — i i — | j — | i — | 


AS  bO  AS  AS  OJAS  to  AS 

II  I -■ — ) I I I I 

AS  CO  T)  *H  CO  T3  CO  -n 

OOOOOOOO 
O <t  CO  Ol  CO  Q>  H H 
cOO>crc\H<fHH 

i — I <3N  i — I i — 1 CN  r—l  CN  i — ! 


<3*  iHrooooooor^or^oooOLno 


NcOKcDCOCONCCKfHHNvfUHOsf 

0^t-<f<r-<3-<j-in<j-cOrorriro-4^j-rocN 


OCNOrHOCNlLOOunr-Hr^OrHCOCyir-l 

NcOnrooincOrONNNCOcOcciNN 


'O’O^'niHHHiH 
I I I I I I I I 

cOcOcocacOcOcOcO 

OOOOOOOO 

in-o-Hcocom-ja) 

LOcriOrHOa\ooo 

(OconncOMNN 


' — I » — I 1 — li — 1( — I I — It — It — I 

I I I I I I I AS 

CO  c0  cO  cO  O AS  'H  »i— ) 

OOOOOOOO 

COHaiWCOl^OOH 

ODr^OvOOOCNCN 

CxICxJCNCNCNCNCNCN 


cno<ioooO'4-ooLno-<roTHa'Oc^ 

hnnhhnnhhhhhhhh 


OrHUOtTiLniOOOOOLOI^OOGOO 

ococxjr^p^cxDoor^OLOooor^oin 


COOONCOciJNOlvvOiriHCM^Hnin 

vXJ'Oi^-r^or^r^oouoooL/ov£>OLo 


OCOa-JONcOcoO'ioiri'AvOcOO'O' 
OONcOaOlONNOM — OOOHI — O <t  h 
OHOTOrlHOOlOlvOOMOCNTCis 

CMCNMCMCNNcNHHNCMCNHrgNCN 

I I I I I I I I I I I I I I I I 

r^.r^r^.f^-r^.r^r^r^r^  r^.  r^.  r--  r^- 

PuPuPjhPl, 


**3- 

CNJ 

co 

cd 

•H 

A 

03 

CO 


■n  AS  £ w 'H  t| 
I I I I I I 

<0  cO  cO  cO  CO  cO 

O O O O O O 

o a\  o xt  cm  <r 

(XMO  O H 03  CJ\ 
rH  H CN  CN  rH  H 


m oo  m h vo  n 


in  o in  03  cn  in 
cn<t  cl  <f  cn  ro 


oo  m n n rv  n 

CN  CXJ  CN  CO  CN  CN 


O Cl)  *i — ) i — | 

A ,d  A I I I 

cO  cO  cO  cO  cO  CO 

O O O O O O 
1 — li — I O CO  4 O 
3D  30  30  1/n  rH  O 

cn  cn  co  n n m 


H Xf  N N CM  CO 
i — It — It — I CN  i — It — | 


n ao  o io  io  co 

30  30  rx  oo  30  un 


cn  in  tx  cm  co 

3D  m 30  vD  30  in 


03  rx  cn  m h sf 
CO  CO  03  CM  03  co 
<t  3D  xf  oo  ^ rn 

cn  xf  cn  m cn  co 
i i i i i I 

Xf  CM  -o-  CM  •?  cn 
i^r'-r-xr'~r^r'x 
(A  IA  [A  fn  [A  pn 


141 


X 

T~— 

a 

✓ s 

•r 

cd 

> 

rC 

X 

00 

OJ 

QJ 

V-/ 

m 

01 

p 

•n 

4J  4-1 

4J 

W rC 

p 

CD  X 01 

B 

CO 

£ O *H 

u 

rH 

O PM  d) 

^ — / 

PM 

Hi  rC 

CO 

4-> 

4-1 

rC  > 

co 

00  4-1 

p 

•H  -H 

u 

0)  H 

p 

rP  P 

6 

< 

4-1 

CJ 

Plant 
at  ma 

4-1  Of 
rC  P 

Of  -H 

•H  H 

a)  a) 

, — S 

rC  3 

B 

o 

CJ 

4-1  rH 
P 4H 
P 

rH  4-1 

PM  cd 

'w ' 

X 

rH 

0) 

•H 

cd 

rO 

rC 

X) 

oo 

cu 

M 

d) 

s_^ 

CO 

: i 

P 

4-»  4-» 

*H 

CO  X 

4-1 

<D  X 00 

PS 

^ O *H 

B 

cd 

O d (U 

a 

rH 

.P  x. 

PM 

LP 

4-1 

rH 

rP  >- 
00  4-1 

SO 

•H  «H 

rH 

d)  H 

/—•s 

P 

rP  P 

B 

X 

4-1 

o 

4-1  Cd 

P B 
cd 

rH  H 

X 

pm  cd 

d) 

P 

p 

4-4  00 

•H 

X P 

4-1 

00  *H 

p 

*H  H 

o 

<D  cu 

CJ 

rP  £ 

6 

O 

a 

1 

4-4  rH 

P mh 

— ' 

'sO 

cd 

<u 

pi 

at 

I — 1 

r G 

cd 

H 

X 

CO 

Pm  03 

CM 

*H 

cd  0) 

X 

> e 

CO 

p 

*H  *H 

d) 

0) 

4-1  rH 

•H 

PU 

i — 1 

U 

Pm 

P U 

0) 

< 

u o 

in 

X A!  A!  T3  AS 

I I I I I I I 

oooooooo 
LOvo<to-)oooo<r 
N<finoNOo-cf 
i — I i — 1 rH  t — I CM  CM  t — ii — | 


VO 


cn  VD  Ol  VD  CO  in 


OOOCOOMMOsf 

M'JMvJ-cfrOcOM 


C-  O MO  CC  -i  N m N 
CM  n M M c i CO  N M 


I — I I — I' — It — It — It — It — It — I 
I I I I I I I I 

(OKcSdoJ'aillin 

OOOOOOOO 

cOHOcOcMCMtOco 

O'lOiCTtOOOOvOLO'Ci- 

CMCMCMCMNNCMN 


'^OiOcOM'JlNCO 
H IN  i — It — It — |] — |i — |r—j 


NOtOCOOOtONN 
MO  CO  mD  tO  00  rv  VO  lO 


NcOcONrl'OCMON 
vO  cO  tA  ici  fv  to  VO  in 


mo  on  oo  -4 

'4  VO  Ov  00 

m h rv  ot 
CO  4 -4  (A 
I I I I 
CO  CM  CM  CM 
r~-  r-~ 

h h Pm  h 


o in  cn  crt 

tH  on  H 00 
m n to  n 
on  C4t  Om  on 
I I I I 
-4  on  on  on 
r — ■ r — r — . r-^ 
Pm  Pm  fm  Pn 


AS  rC  *H  ‘H  Ai  T) 
III  III 
cfl  CO  Hi  a cj  (U  ca 

o o o o o o o 

Ct  Ot  Ot  H 4 O rl 
Ol  00  4 Ot  CO  CM 
t — It — It — I CM  i — It — | CM 


Cl)  AS  00  60  -H  AS  AS 

I I I I I I I 

cd  n)  cd  to  co  cd 

o o o o o o o 

om  o co  o mO  cm  00 

H CO  O H OUO  lO 
CM  t — I CM  CM  t — it — I ) — | 


MTiincoctoco«IOini04iDiO 


nintocncoHoDHoicfiOinMO 

cncnmin44444cci4cncncn 


on-4CTMOooMOMonMOcMmtHr^cnoo 

CMCMCMCncMNcncMcnmcncMCMCM 


7 y 'h  ,c  ti  .nT1.n.niij  H H H 
I I I 1 I I I I I I I I I I 

cdcoucanucijcjjjjjcaucajp 


OOOOOOOOOOOOOO 

C'tHc3MOr^rHvocMr^vounc~om 

mincncniMcMHHOoooiotn 

rnoncnonononononcnononcMcNCM 


cMiocMcncMni04t- 1 cm  cji  cn  m cm 
rlrlHHHHHHCMrlHHrlH 


r^unonCTvtHaMoncj\onr^c~r^oovo 

tOCssOrvCOiONlONlONlOlOlO 


4MDMncnMMHcntnincncM 

lOioiniNiooioiOtotoioiooio 


25 

t H 

co 

•<r 

CO 

CO 

CO 

vO 

i — i 

CO 

CM 

CO 

CO 

LO 

LO 

LO 

d) 

cr» 

CO 

CT\ 

•H 

i 

1 

l 

1 

l 

1 

CO 

CO 

co 

<r 

co 

CO 

d> 

r-* 

r^- 

in 

in 

n 

m 

n 

n m 

O0r~-,HOOMOOCOCT\ 

iMOKMnoiomio 

r^-r^-oooovooor-^un 

OM  OM  OM  OM  i — | CTl  OM  CJM 

I 

onononont-Hcnonon 
r~ — i - i — - r — r — - i — r — 

pc-tpMpL,  PihPxhQPm  Pm 


142 


d 

rH 

a) 

HH 

•H 

•H 

Hi 

rC 

Hi 

*H 

0} 

1 

1 

1 

1 

1 

I 

> 

rC 

d 

d 

r-O 

d 

CT3 

d 

60 

o 

O 

o 

O 

o 

O 

a) 

Hi 

ON 

00 

vD 

VO 

G\ 

a) 

V-/ 

CO 

00 

o 

On 

G^ 

in 

iH 

i — 1 

rH 

rH 

« — 1 

rH 

p 

p 

w 

rC 

<D 

d 

60 

/"“s 

£ 

o 

•H 

& 

o 

a 

CD 

U 

O 

LO 

CO 

o- 

rH 

HI 

p 

rC 

'w' 

rH 

rH 

rH 

rC 

> 

6C 

P 

•H 

•H 

CD 

•C 


rH  4-1 
ft  CO 


I I I I I I I 


60 

I 


oooooooo 

pncncocnouciici 
O rl  in  m VO  CO  n o 

ncnhhhhhn 


rH  i — | 


N N ID  UO  N 


l/)OM/lCNO\sJ/sN^HCOOO 


•H  fti  AJ  ft!  AJ  -H  Pi!  -H  ft!  M ^ ^ 

llllllllllll 

TO,ft,cicD60TO,nTOTOTOOTO 

OOOOOOOOOOOO 
\DuoinHooH!NinoirHn<t 
OlvOiDNC^O'.  vDoOfNNiriN 
rtrlHriHrlHHrlHHH 


N O Ol  Ol  1A 


CO  H M CO  M in  o 

rH  i — t t-H 


lOHNOONHlAPlOcO'} 

•ct-?Hf'j<f^i/iLnfn^fcrirH 


■P  61. 

HP  C 

60  *rl 
•H  }-i 
CD  CD 
^ £s 
O 

•y  1-H 

TO  <4H 
TO 


OiOCOOcOCOOiHOiONH-cfM 

MCOCOCACHNNcciNnrOCANr) 


nH^cONHHNHCNN 

crirOrricslCHcrirOr^tr^p^jsjfr-, 


PH  CD 


'O 


CD 

> 


2 


*7*  ‘7^  r^  I I H 1 I 1 t ! ) i — I 1 — I I — I I — j 
I I I i I I I I I I I I I I 
TOTOTOTOTOTOTOTOTOTOTOTOTO-Q 


’H  i 1 rH  1 — I t — I rH  rH  rH  rH  i — ( rH 
lllllllllllr-j 

TO  TO  TO  TO  TO  Hd  Hi  H H &0  ,-C  fti 


TOJ  Op  OOOOOOOOOOOOOO 

tops  <fcoiAO<fNooocoMnaja\in 

lArONrlOOOOlcOCOaiNvOcO 
c/j  0Orr)0OrOrr)rr)lTNlCslCH(NCS|CN|CN|CN 


OOOOOOOOOOOO 

'JH'D<tTOiAincONHCOCO 

HC'OOMNvOlO<-<r<tCHO 

rOCHCHCSICHCSlCNCNlCNICNlCNlCSI 


CO  rC 

a>  x)  oc 
> O ’H 
O ft  CD 
HI  HP 


lO'OcOiOCOCO'OCOHHOO'stNO 

nhnhhhmhhnhhhn 


PCMiOCOMIiMnOnOH- 

HNNHHHHHHHHH 


TP 

CD 

a 


HP  Or 

oo  u 

■H 


CD 

HP 


ei  6 

TO 

rH  4-1 
ft  TO 


H'OiOMHHTOiOOCOrOHinN 

(JcvOOCNOOoOO\NOOcOtv't'-vDCO 


coor'-rrHcocoOrHr'T';fma\ 

A-COr'/'MOCOOO'OA.'DcO 


TO 

O 

O 


HP 

TO 

H 

X 

•rl 

'd 

§ 

ft 


4-1  6C 
HP  CP 
00  *H 
•H  }.4 
CD  CD 
HP  S 
O 

4-1  rH 
Ci  4H 
TO 

rH  4-1 
ft  TO 


Nnm-joooHNNOicoon 


r^.r^ocN<fOcsicOrHOro<N 

v£>'ftr'-v£>isOvOr^vO^Ov£>u~)\£5 


co 

TO 

> 

•H 

P 

rH 

3 

o 


W 

CM 

r^ 

rH 

LO 

r- 

o 

rH 

CO 

Ch 

i — 1 

•sf 

LO 

r^ 

cu 

W 

o 

LO 

<r 

CO 

o 

r-i 

r-  j 

r*- 

O 

co 

O 

co 

n 

CM 

0\ 

rH 

rH 

iH 

rH 

CM 

CM 

<3* 

rH 

CM 

co 

CM 

rH 

•H 

rH 

a> 

•H 

CT\ 

| 

r-* 

i 

CM 

1 

i 

r-~ 

1 

CTn 

i 

r-^ 

M0 

G^ 

U 

LO 

LO 

i 

•<J- 

i 

tO 

1 

LO 

1 

LO 

I 

tO 

i 

LO 

1 

co 

1 

LO 

1 

to 

1 

LO 

1 

LO 

l 

LO 

u 

a) 

r^> 

r- 

o- 

r- 

r^ 

o 

m 

pM 

PH 

Pm 

Pm 

PM 

Pm 

Pm 

Pm 

Pm 

PH 

PH 

PH 

PH 

Pm 

r^- 


CM 

vo 

LO 

ai 

co 

O 

00 

O 

co 

rH 

cm 

co 

CM 

to 

rH 

oo 

G\ 

CM 

cO 

CM 

vO 

Ml* 

<f 

CM 

O 

CO 

r*^ 

O 

O 

CM 

r- 

co 

o 

r - 

ON 

rH 

CD 

•H 

00 

1 

I 

1 

1 

co 

1 

vO 

i 

vO 

00 

vO 

M 

LO 

to 

LO 

i 

LO 

1 

LO 

1 

LO 

1 

LO 

1 

to 

l 

to 

1 

LO 

1 

LO 

LO 

Cl) 

o- 

1^* 

r^ 

r^ 

r^ 

1"- 

m 

Pm 

Pm 

Pm 

Pm 

Pm 

Pm 

Pm 

PH 

Pm 

Pm 

PH 

PH 

143 


X 

X 

0) 

✓— \ 

•H 

CO 

> 

rP 

X 

60 

CD 

& 

<u 

n — s 

60 

CO 

CJ 

•H 

Hi 

4J 

4-» 

C 

CO 

rC 

cO 

0) 

X 

6£ 

«H 

£ 

0 

•H 

B 

PH 

o 

a 

cu 

u 

r-3 

CO 

H 

4-J 

& 

CO 

60 

4-i 

2 

•H 

•H 

60 

0) 

d 

rC 

d 

B 

<J 

4-J 

u 

4-J 

CO 

c 

e 

cO 

tH 

HJ 

PH 

CO 

HJ 

60 

rC 

CJ 

60 

♦H 

•H 

U 

0) 

<y 

/-N 

rC 

£ 

e 

o 

CJ 

■u 

rH 

■n-X 

CJ 

X 

cO 

i — 1 

Hi 

PH 

cO 

X 

X 

<D 

r'-'N 

•H 

cO 

> 

rC 

X 

60 

CD 

dJ 

v— ✓ 

CO 

oc 

a 

•H 

U 

4-J 

HJ 

CO 

rC 

£ 

CD 

X 

60 

«r-N 

cO 

£ 

o 

•H 

e 

X 

o 

PH 

<D 

u 

PH 

rC 

LO 

rH 

H 

rC 

P*  i 

60 

4-J 

X 

*H 

•H 

d 

d) 

U 

/ — s 

X 

d 

B 

4-J 

CJ 

Hi 

cO 

"w T 

c 

B 

cO 

rH 

HI 

XI 

PH 

CO 

q; 

2 

c 

4-J 

6C 

•H 

rC 

CJ 

4-J 

GO 

•rH 

c 

•H 

H 

c 

0) 

Cl) 

^-s 

cj 

E 

£ 

e 

O 

u 

1 

4-J 

X 

a 

X 

;sD 

cO 

rH 

Hi 

cu 

Ph 

CO 

rH 

CO 

H 

CO 

00 

X 

H 

CO 

CN 

•H 

cO 

OJ 

X 

> 

a 

CO 

a 

•H 

H 

0) 

a) 

4-J 

X 

•H 

cu 

rH 

H 

cu 

3 

H 

dJ 

C 

CJ 

O 

CO 

bD  bO  r^i  U -H 

I I X I X | | 

n3nJ(0O«]cflrCiAi 

oooooooo 

CO<fHN'X!h.(NCO 

OOC'OU'IC'JOO^OO 

(MNNHMHHH 


<r(JiNcnHH<fN 


r^cyiOvoOv£)r^.u-i 

cno-mro-d-o-ro-d- 


loi— iroLonoc^o 
NrmNtntoiNn 


4H  ,C  i — I i — It — ! 

I I I I I I 

njctfcactidcOrCrH 

oooooooo 

\0OltMO\i^NO\vD 

'OmfONCJiNCbO 

nnnriNNNN 


HnHMOMNtO 
\ — I N b]  i — ICNi — ICNi — t 


r'b'tNpnootristiri 

xt-^coxcoxoox 


oooi'fl^sfcNvoin 

l/l\DvOinf'vDNl^ 


-d"  vO 
vO  O 
LO  d3 
1^1  I — I 

I I 

0-1  i — | 

r-  r~~ 

pH  pH 


bO  rH 
m <t 
O-  ro  <r 
C H Ol  Ol 
I I I 
-d-  O co 
r~~  i’ — - i — 


LO  t— I 1 — | 


^ M r*J  X X P*J 

I I I I I I 

TJ  H -J3  Cti  CJ  rQ 

o o o o o o 

03  X CN  o CM  VO 

vO  CN  LO  o 

rH  rH  I — I CN  l — I rH 


ro  IS  c.  v£)  OMO 


"<f  rH  O O I — | H" 
^ H H <T  sT  CO 


LO  o CN  H CN  H 
sT  CO  CO  CO  CO  CO 


•r-)  *r— ) rH  H H rH 
I I I I I I 
CO  CO  TO  m rC  rC 

o o o o o o 

«h  o o o oo 

H H <r  H CO 

CO  CO  CN  CN  CN  OJ 


O r—  <r 

M i — I CN  H H 


iO  H H CO  CO^D 
O N CO  lO  vO 


CO  N Tn  ro  CO  CO 
CO  vO  vO  sf  to  lO 


CO 

X 

CO 

0) 

X 

X 

CN 

o 

LO 

NT 

CO 

X 

u 

P4 

CO 

CO 

i ■ 

1 — 1 

o 

di 

CO 

H 

Ox 

03 

LO 

H 

4J 

• 

•x 

t — i 

cO 

cu 

X 

1 

1 

1 

4-1 

•H 

i-  4 

o 

i 

XI 

4J 

•H 

d) 

CO 

CO 

CJ 

PH 

Q) 

CJ 

> 

X 

a 

CJ 

cu 

vO 

o 

d 

CO 

*H 

pH 

o 

cO 

•H 

CO 

pt-4 

Ph 

Ph 

CJ 

X 

> 

S3 

c_> 

CO 

E 

4C 

0) 

> 

0) 


m 


c 

CD 

u 

0) 

X 

x 

•H 

TO 

PH 

i — i 

4-J 

C 

CO 

u 

•H 

X 

•H 

a 

60 


Q) 

U 

cO 


U 

Q) 


0) 

I 

CO 

d) 

A 

u 

PH 

TO 

dJ 

£ 

o 


o 

X 

H 

O 

c 

X 


Appendix  Table  7.  Climatological  data  for  Gainesville,  FL  (monthly  average  for  1976  and  1977). 


144 


3 

4- 

w 

3 

UO 

co 

CO 

o 

VO 

UO 

e** 

vO 

PO  0 
cd  p 

£ 3 
O 

r— 1 

Oh 

Oh 

vO 

o 

co 

CN 

CO 

VO 

Q a 

,3 

o 

i — 1 

i — 1 

CN 

co 

CO 

CO 

CN 

o 

h- 

s-' 

1 — 1 

i — 1 

i — 1 

T— 1 

i — i 

1— 1 

i — i 

rH 

i — 1 

rH 

i — 1 

i — 1 

w 


Oh 


Pi 


CD  g 

u 

3 

4-1 

cd 

u 

<D 
(X 

a x 

CD  cd 

H g 


! - 
cd 
> 
W 

3 

cd 

Ph 


vO 


CD 

U 

3 


0) 

cx 

a 

0) 

H 


CO 

CD 

CO 

CM 

i — 1 

o 

u0 

CO 

U0 

r 3 
u 

CN 

Oh 

<r 

CO 

CO 

rH 

O 

LO 

CO 

CM 

c 

CM 

LO 

00 

Oh 

00 

vO 

uo 

<■ 

CO 

CN 

VwX 

CO 

CD 

uo 

vO 

CN 

CO 

vO 

vO 

o 

CM 

CO 

rC 

u 

CO 

rH 

CM 

oo 

CM 

rH 

r>» 

i — 1 

Oh 

Oh 

3 

•H 

CO 

h* 

rH 

o 

O 

CM 

1 — 1 

uo 

O 

rH 

<r 

' — ✓ 

CN 

uo 

r^. 

vO 

U0 

Oh 

O 

Oh 

uo 

i — 1 

*<r 

vO 

o 

vO 

uo 

CN 

O 

I— 1 

CO 

vO 

CO 

uo 

uo 

vO 

uo 

uo 

>d- 

<t 

00 

CM 

uo 

t-H 

rH 

rH 

vO 

uo 

vO 

O 

co 

o 

CO 

Oh 

uo 

UO 

CM 

oo 

vO 

vO 

00 

oc 

00 

Oh 

Oh 

Oh 

Oh 

00 

vO 

0) 

<D 

vO 

00 

00 

uo 

i — 1 

CM 

O 

r3 

a 

vO 

rH 

O 

CO 

o 

o 

o 

Oh 

00 

o 

a 

CN 

'd* 

U0 

vO 

vO 

uo 

vO 

UO 

CM 

CM 

i — 1 

CO 

cd 

a) 

o 

Oh 

vO 

av 

00 

Oh 

'd- 

vO 

oo 

cm 

3 

r 3 

a 

CM 

i — i 

CO 

CO 

U0 

CO 

CO 

CM 

Oh 

*H 

3 

3 

rH 

rH 

rH 

co 

vO 

I— 1 

<■ 

CN 

U0 

CN 

CM 

Pi 

v—' 

3 

CO 

00 

Ch 

vT 

CN 

Oh 

rH 

O 

eg 

LO 

Oh 

•H 

Oh 

vO 

uo 

CO 

rH 

rH 

00 

uo 

uo 

X 

CO 

<r 

uo 

UO 

vO 

VO 

I'- 

r>- 

vO 

UO 

X 

Oh 

NT 

CM 

CM 

Oh 

rH 

UO 

i — I 

a) 

-d 

Oh 

vO 

<3 

uo 

i — 1 

CN 

Hf- 

00 

CM 

rH 

oo 

o 

o 

x 

vO 

oo 

00 

CO 

00 

Oh 

Oh 

00 

00 

vO 

r3 

4-J 

3 

3 

3 

3 

O 

3 

a) 

3 

CX 

X 

*“5 

Ph 

X 

< 

cd 

X 


3 


3 


U)  4J 

3 CD  O 

<d  co  o 


> 

o 


O 

0) 

Q 


LITERATURE  CITED 


Abel,  C.  H.  1961.  Response  of  soybeans  to  dates  of  planting  in  the 
Imperial  Valley  of  California.  Agron.  J.  53:95-98. 

Agboola,  A.  A.  and  A.  A,  Fayemi.  1971.  Preliminary  trials  on  the 

intercropping  of  maize  with  different  tropical  legumes  in  western 
Nigeria.  J.  Agri.  Sci. , UK.  77  (2) : 219-225 . 

Akhanda,  A.  M. , J.  T.  Mauco,  V.  E.  Green  and  G.  M.  Prine.  1978. 
Intercropping  peanut,  soybean,  sweet  potato  and  pigeonpea  in 
corn.  Soil  and  Crop  Sci.  Soc.  Fla.  Proc.  37 : (In  press). 

Akhanda,  A.  M. , G.  M.  Prine  and  K.  Hinson.  1976.  Influence  of  geno- 
type and  row  width  on  late-planted  soybeans  in  Florida.  Soil  and 
Crop  Sci.  Soc.  Fla.  Proc.  35:21-24. 

Alessi,  J.  and  J.  F.  Power.  1974.  Effect  of  plant  population,  row 
spacing  and  relative  maturity  on  dry  land  corn  in  the  northern 
plains.  Agron.  J.  66:316-319. 

'(/Alessi,  J.,  J.  F.  Power  and  D.  C.  Zimmerman.  1977.  Sunflower  yield 

and  water  use  as  influenced  by  planting  date,  population,  and  row 
spacing.  Agron.  J.  69  (3)  : 465-469 . 

Andrews,  D.  J.  1972.  Intercropping  with  sorghum  in  Nigeria.  Expt. 

Agric.  8:139-150. 

Andrews,  D.  J.  and  A.  H.  Kassam.  1976.  The  importance  of  multiple 

cropping  in  increasing  world  food  supplies.  In  Multiple  Cropping, 
ASA  special  pub.  No.  27:1-10. 

Anonymous.  1974.  Multiple  cropping  project:  Annual  report  for  1973- 

7u.  Faculty  of  agriculture,  Chang  Mai  University,  Thailand.  198  P. 

Amon,  I.  1972.  Crop  production  in  dry  regions.  Leonard  Hill,  London. 
Vol.  2. 

ASA.  1967.  Maximum  crop  yield  - The  challenge.  ASA  special  pub. 
series  No.  9:92  P. 

ASA-  2o?Q9*p  Moving  off  the  yield  plateau.  ASA  special  pub.  series  No. 

A,)A.  1975.  All-out  food  production:  Strategy  and  resource  implications. 
ASA  special  pub.  series  No.  23:67  P. 

ASA.  1977.  Agronomists  and  food:  Contributions  and  challenges.  ASA 

special  pub.  No.  30:  108  P. 


145 


146 


ASPAC  Food  and  Fertilizer  Technology  Center  for  the  Asian  and  Pacific 
Region.  1974.  Multiple  cropping  systems  in  Taiwan.  77  P. 

Atkins,  R.  E.  and  R.  Martinez.  1971.  Influence  of  plant  height, 

row  width,  and  plant  population  on  grain  yield  and  yield  component 
associations  in  grain  sorghum.  Iowa  State  J.  Sci.  45:563-574. 

Atkins,  R.  E. , V.  H.  Reich  and  J.  J.  Kern.  1968.  Performance  of  short 
stature  grain  sorghum  hybrids  at  different  row  spacing.  Agron.  J. 


Baker,  E.  F.  I.  19/5.  Research  on  mixed  cropping  with  cereals  in  '• 

Nigerian  farming  systems  - a system  for  improvement,  ^n  Proceedings 
of  International  Workshop  on  Farming  Systems,  Nov.  18-21  1974 

ICRISAT.  P.  287-309. 

Balanarasaiah , D. , M.  M.  Sadapal  and  B.  C.  Wright.  1972.  Effect  of 
nitrogen  fertilization  and  plant  population  on  hybrid  sorghum 
(CSH-1) . Indian  J.  Agron.  17:128-132. 

Banta,  G.  R.  and  R.  R.  Harwood.  1975.  The  multiple  cropping  program 
at  IRRI.  Philippine  Economic  Journal.  14:300-307. 

Bapat,  D.  R. , S.  S.  Bhalerao  and  K.  G.  Kachave.  1976.  Plant  density 
studies.  Sorghum  Newsletter.  19:62. 

Barber,  S.  A.  1978.  Increased  corn  yields  with  soybean  rotation. 

Soybean  News,  National  Soybean  Crop  Improvement  Council.  29(2)  :1. 

Bhattacharya,  B. , S.  N.  Tripathi  and  B.  Basu.  1975.  Effect  of  time  of 
sowing  on  growth  and  yield  of  sunflower  (Helianthus  annuus  L.)  in 
west  Bengal.  Indian  Agriculturist.  19(1 ) :107-112. 

Blackman,  G.  E.  and  W.  G.  Templeman.  1970.  The  nature  of  the  competi- 
tion  between  cereal  crops  and  annual  weeds.  J.  Agr.  Sci.,  Camb. 

28 : 247-271 . 

Blum,  A.  1967.  Effect  of  soil  fertility  and  plant  competition  on 

sorghum  panicle  morphology  and  panicle  weight  components.  Agron. 

,T . SQ  • Anrw.  n*}  ° 


Blum,  A.  1970.  Effect  of  plant  density  and  growth  duration  on  grain 
sorghum  yield  under  limited  water  supply.  Agron.  J.  62:333-336. 

Bourke,  R.  M. , J.  Morris  and  S.  Bongbong.  1976.  A note  on  the  relation- 
ship between  Taro  (lalocasia  escul enta)  leaf  area  and  the  AA' 
leaf  measurement.  Tropical  root  and  tuber  crop  newsletter,  No.  9: 
51-j4.  (Mayaguez,  Puerto  Rico). 

Bradfield,  R.  1970.  Increasing  food  production  in  the  tropics  by 
multiple  cropping.  In  World  Food  Crisis.  Am.  Assoc.  Adv.  Sci. 
Report.  P.  229-242. 


147 


Bradfield,  R.  1972.  Maximizing  food  production  through  multiple 
cropping  systems  centered  on  rice.  In_  Rice  Science  and  Man. 
Internationa!  Rice  Research  Institute  (IRRI),Los  Banos,  Philippines. 
* • 143—163 . 


Brady,  N.  C.  1977.  The  role  of  agronomists  in  international  agricul- 
tural development.  In  Agronomists  and  food:  Contributions  and 

challenges.  ASA  special  pub.  No.  30:95-108. 

Brown,  C.  M.  and  D.  W.  Graffis.  1976.  Intercropping  soybeans  and 
sorghum  in  oats.  Illinois  Res.  18(2)  :3-4. 

Brown,  R.  H. , E.  R.  Beaty,  W.  J.  Elhredge  and  D.  D.  Hayes.  1970. 

Influence  of  row  width  and  plant  population  on  yields  of  two 
varieties  of  corn  (Zea  mays  L. ) . Agron.  J.  62:767-770. 

Camper,  H.  M.  Jr.,  C.  F.  Genter  and  K.  E.  Loope.  1972.  Double  cropping 
ollowing  winter  barley  in  eastern  Virginia.  Agron.  J.  67:1-3. 

Camper,  H.  M.  Jr.  and  T.  J.  Smith.  1958.  The  effect  of  date  on  planting, 
rate  of  planting  and  width  of  row  on  two  soybean  varieties. 

Virginia  Agril.  Exp.  Sta.  Res.  Report  No.  21:27  P. 

Cartter , J.  L.  and  E.  E.  Hartwig.  1962.  The  management  of  soybeans. 
Advance  Agron.  14:359-412. 


Chandravanshi,  B.  R.  1976.  Row  spacing  studies  in  sorghum  (Sorghum 
bicolor) . Sorghum  Newsletter.  19:61-62. 


Chamy,  A.  and  A.  Balasubramaniam.  1970.  Spacing  studies  of  sorghum 
varieties  and  hybrids.  Sorghum  Newsletter.  20:65. 


Chang  J H. . 1974.  as  cited  by  E.  S.  Suryatna  and  R.  R.  Harwood.  1976. 
_n  Nutrient  uptake  of  two  tradtional  intercrop  combinations  and 
insect  and  disease  incidence  in  three  intercrop  combinations.  IRRI 
Saturday  Seminar,  February  28,  1976.  11  p. 


Conway , G.  and  V.  L. 
southeast  Asia. 
54  P. 


Romm.  1972.  Ecology  and  resource  development  in 
A report  to  the  Ford  Foundation,  Bangkok,  Thailand. 


Criswell,  J.  C.  and  D.  J.  Hume.  1972.  Variation  in  sensitivity  to 

among  etjrly  maturing  soybean  strains.  Crop  Sci.  12: 

o j7— 660 . 

Dalai,  R.  C.  1974.  Effect  of  intercropping  maize  with  pigeonpea  on 
gram  yield  and  nutrient  uptake.  Exp.  Agric.  10:219-224. 

Dalai,  R.  C.  1977.  Effect  of  intercropping  of  maize  with  soybean 
on  grain  yield.  Trop.  Agric.  58:189-191. 


148 


Dalrymple,  D.  G.  1971.  Survey  of  multiple  cropping  in  less  developed 
nations.  USDA,  Washington,  D.C.  108  P. 

Dalrymple,  D.  G.  1973.  Review  of  recent  country  data.  Agricultural 
mechanization  in  Asia.  Vol.  IV.  No.  I.  USDA 

Dayanand  and  N.  N.  Goswami.  1976.  Green-gram  a suitable  intercrop 
in  sugarcane.  Indian  Farming.  26(A) : 10-13 . 

Doggett,  H. , D.  L.  Curtis,  F.  X.  Laubscher  and  0.  J.  Webster.  1970. 
Sorghum  in  Africa.  JEn  Sorghum  production  and  utilization.  The 
AVI  Publishing  Co.  Inc.  Westport,  Connecticut.  P.  288-326. 

Donald,  C.  M.  1963.  Competition  among  crops  and  pasture  plants. 
Advance  Agron.  15:1-118. 


Dorner,  P.  and  H.  Felstehausen . 1970.  Agrarian  reform  and  employment. 

The  Colombian  case.  International  Labor  Review.  102(3) :221-240. 

Duncan,  W.  G.  1958.  The  relationship  between  corn  population  and 
yield.  Agron.  J.  50:82-84. 


Duncan,  W.  G. 
Crop  Sci. 


1971.  Leaf  angles,  leaf  area,  and  canopy  photosynthesis 
11:482-485. 


Duncan,  W.  G. 

Florida. 


1976.  Theoretical  limits  of  peanut  yields.  Univ.  of 
Unpub.  manus.  Agronomy  department. 


Earley,  E.  B. 
514-515. 


1965.  Relative  maximum  yield  of  corn.  Agron.  J.  57: 


Earley,  E.  B. , R. 
Seif.  1966. 
conditions. 


J.  Miller,  G.  L.  Reichert,  R.  H.  Hageman  and  R.  D. 

Effects  of  shade  on  maize  production  under  field 
Crop  Sci.  6(1) :l-7 . 


Elliotc,  J.  1977.  Double  cropping  works  for  some,  not  for  others. 
Soybean  Dig.  37:16-17. 

Escalada,  R.  G,  and  D.  L.  Plucknett.  1975.  Ratoon  cropping  of  sorghum 
t.  Origin,  time  of  appearance,  and  fate  of  tillers.  Aeron.  J 
67:473-478. 


Escalada,  R.  G.  and  D.  L.  Plucknett.  1977.  Ratoon  cropping  of  sorghum 
III.  Effect  of  nitrogen  and  cutting  height  on  ratoon  performance. 
Agron.  J.  69:341-346. 

Evans,  A.  C.  1969.  Studies  of  intercropping  of  maize  or  sorghum  with 
groundnut.  East  Africa  Agric.  J.  26:1-10. 

Fehr,  W.  R. , (..  E.  Caviness,  D.  T.  Burmood  and  J.  S.  Pennington.  1971. 
Stage  of  development  descriptions  for  soybeans  (Glycine  max  (L.) 
Merril) . Crop  Sci.  11:929-931. 


149 


Finlay,  R.  C.  1974a.  Intercropping  research  and  small  farmers  in 
Tanzania.  In  Field  Staff  Symposium,  IDRC,  Ottawa,  1974. 

Finlay,  R.  C.  1974b.  Intercropping  soybeans  with  cereals.  Regional 
soybean  conference.  Addis  Ababa.,  October  14-17,  1974. 

Fischer,  K.  S.  and  G.  L.  Wilson.  1975.  Studies  of  grain  production  in 
sorghum  bicolor.  V.  Effect  of  planting  density  on  growth  and 
yield.  Aust.  J.  Agric.  Res.  26:31-41. 

Francis,  C.  A. , C.  A.  f lor  and  S.  R.  Temple.  1976.  Adapting  varieties 
for  intercropped  systems  in  the  tropics.  In  Multiple  Cropping. 

ASA  special  pub.  27:235-254. 

Gallaher,  R.  N.  1975.  All  out  feed  production  by  multiple  cropping. 

Proc.  Feeds  and  Feeding  Res.  Dig.  Georgia  Agri.  Exp.  Sta.  1:29-36. 

Gomez,  A.  A.  1974.  Intensification  of  cropping  systems  in  Asia.  In 
Interaction  of  agriculture  with  food  science;  Proc.  Symp.  , Inter- 
national Development  Research  Center,  Ottawa,  Canada.  P.  93-99. 

Green,  V.  E.  Jr.  1973.  Yield  and  digestibility  of  bird  resistant  and 
non-bird  resistant  grain  sorghum.  Soil  and  Crop  Sci.  Soc.  Fla. 

Proc.  23:13-16. 

Green,  V.  E.  Jr.  1977a.  Grain  sorghum  tests  in  north  and  west  Florida. 
Agronomy  Research  Report  Ag  77-5,  IF AS,  Univ.  of  Florida.  P.  28-32. 

Green,  V.  E.  Jr.  1977b  The  agronomic  characteristics  of  early  and  late 
planted  sunflower.  Agronomy  Research  Report  AG  77-5.  IFAS , Univ. 
of  Florida.  P.  108-109. 

Green,  V.  E.  Jr.  1977c.  Yield  of  plant  crop  and  total  annual  yield  of 
51  grain  sorghum  cultivars  at  the  Dairy  Res.  Unit  (Hague)  near 
Gainesville.  In  Agron.  Res.  Rep.  Ag  77-5.  IFAS,  Univ.  of  Florida. 
P.  49-50. 

Guilarte,  T.  C. , R.  E.  Perez-Levy  and  G.  M.  Prine.  1975.  Some  double 
cropping  possibilities  under  irrigation  during  the  warm  season  in 
north  and  west  Florida.  Soil  and  Crop  Sci.  Soc.  Fla.  Proc.  34: 
138-145. 

Haizel , K.  A.  and  J.  L.  Harper.  1973.  The  effect  of  density  and  the 
timing  of  removal  on  interference  between  barley,  white  mustard 
and  wild  oats.  J.  Appl . Ecology.  10:23-31. 

Hanh,  N.  V.  1965.  The  inheritance  of  flowering  date  and  node  number 
in  soybeans.  Master  degree  thesis  in  Agronomy.  Univ.  of  Florida. 

54  P. 

Harper,  J.  L.  1964.  The  nature  and  consequence  of  interference  among 
plants.  The  XI  Intern.  Congr.  of  Genet.  Proc.  1963 (2) :465-482. 


150 

Harris,  D.  R.  1972.  The  origin  of  agriculture  in  the  tropics.  Amer. 
Scientist.  60:180-193. 

Harris,  H.  B.  and  S.  V.  Stacy.  1961.  Soybean  production  in  Georgia. 
Georgia  Expt.  Sta.  , Univ.  of  Gerogia,  College  of  Agriculture 
series  No.  115:1-10. 

Hart,  R.  D.  1974.  The  design  and  evaluation  of  a bean,  corn,  and 

manioc  polyculture  cropping  system  for  the  humid  tropics.  Ph.D. 
Dissertation.  Agronomy  department,  Univ.  of  Florida.  P.  5-21. 

Harwood,  R.  R.  1973.  The  concepts  of  multiple  cropping.  Training 
lecture,  IRRI,  Philippines,  June,  1973.  15  P. 

Harwood,  R.  R.  and  G.  R.  Banta.  1974.  Intercropping  and  its  place  in 
southeast  Asia.  A paper  presented  at  the  1974  annual  general 
meeting  of  Am.  Soc.  of  Agronomy,  Chicago,  Illinois,  Nov.  10-15, 
1974.  20  P. 

Harwood,  R.  R.  and  E.  C.  Price.  1976.  Multiple  cropping  in  tropical 
Asia.  In  Multiple  Cropping.  ASA  special  pub.  No.  27:11-50. 

Hayward,  J.  A.  1969.  Cotton  breeding  and  agronomy.  In  Cotton  Research 
Corporation,  western  state  of  Nigeria.  Progress  report  from  Exp. 
Sta.  for  the  season  1967-1968.  P.  4-7  (Field  Crop  Abstr. , 1970 
23:1775). 

Henry,  E.  1968.  Plant  population  for  oilseed  sunflower.  Third  Inter- 
national Sunflower  Conference  Proc.  , Univ.  of  Minnesota,  August 
13-15,  1968.  P.  119-121. 

Herrera,  W.  T.  and  R.  R.  Harwood.  1973.  Crop  interrelationships  in 

intensive  cropping  systems.  IRRI  Saturday  Seminar,  July  21,  1973. 


Hildebtand,  P.  E.  1976.  Multiple  cropping  systems  are  dollars  and 

sense  agronomy.  In  Multiple  Cropping.  ASA  special  pub.  No.  27: 
347-372. 

Hinson,  K.  1974.  Iropical  production  of  soybeans.  Proceedings  of  the 
workshop  on  soybean  for  tropical  and  sub-tropical  conditions. 

INST0Y  series  No.  2:38-54. 

Hinson,  K.  and  R.  L.  Smith.  1969.  Soybean  in  Florida.  Bull.  No.  716. 
Agri.  Exp.  Sta.,  Univ.  of  Florida.  P.  47-56. 

Hofstra,  G.  1973.  Response  of  soybeans  to  temperature  under  high  light 
intensities.  Can.  J.  Plant  Sci.  52:535-543. 

Holdridge,  I..  R.  1959.  Ecological  indications  of  the  need  for  a new 
approach  to  tropical  land  use.  Econ.  Botany  13 (4) :271-280. 


151 


Howell,  R.  W.  1963.  Physiology  of  the  soybean.  In  The  Soybean. 
Academic  Press,  New  York.  P.  75-124. 

Hudgens,  R.  E.  and  D.  E.  McCloud.  1975.  The  effect  of  low  light 

intensity  on  flowering,  yield  and  kernel  size  of  Florunner  pea- 
nut. Soil  and  Crop  Sci.  Soc.  Fla  Proc . 34:176-178. 

IRRI.  1972.  New  world  record  yield.  In  The  IRRI  Reporter.  1/72.  4 P. 

IRRI.  1973.  Annual  Report  for  1972.  Los  Banos,  Philippines.  P.  21-34 

IRRI.  1974a.  Annual  Report  for  1973.  Los  Banos,  Philippines.  P.  15-34 

IRRI.  1974b.  Research  highlight  for  1974.  A special  pub.  90  P. 

IRRI.  1975.  Annual  Report  for  1974.  Los  Banos,  Philippines.  P.  323- 
347. 

Iso,  E.  1954.  Rice  and  crops  in  its  rotation  in  subtropical  zones. 
Japan  FAO  Association,  Tokyo.  611  P. 

Jeffers,  D.  L. , G.  B.  Tiiplett  and  J.  E.  Benerhein.  1973.  Double 
cropped  soybeans.  Ohio  Rep.  Res.  Develop.  Agri.  Econ.  Natur. 
Resour.  58(4):67-69. 

Johnson,  B.  J.  and  W.  H.  Marchant.  1973.  Sunflower  research  in 
Georgia.  Georgia  Agric.  Exp.  Sta.  Res.  Bull.  126:1-36. 

Johnson,  H.  W. , H.  A.  Borthwick  and  R.  C.  Leffel.  1960.  Effect  of 

photoperiod  and  time  of  planting  and  rages  of  development  of  the 
soybean  in  various  stages  of  the  life  cycle.  Bot.  Gaz.  122(2): 
77-79. 

Johnson,  W.  0.  1970.  Minimum  temperatures  in  the  agxricultural  areas 

of  Peninsular  Florida.  Univ.  of  Florida.  IFAS  pub.  No.  9.  154  P. 

Karami,  E.  1977.  Effect  of  irrigation  and  plant  population  on  yield 
and  yield  components  of  sunflower.  Indian  J.  Agi  ic.  Sci.  47(1): 
15-17. 

Karchi,  Z.  and  Y.  Rudich.  1966.  Effect  of  row  width  and  seedling 
spacing  on  yields  and  its  components  in  grain  sorghum  grown 
under  dryland  conditions.  Agron.  J.  58:602-604. 

Kaserer,  P.  1911.  Beobachtungen  uber  die  Bewurzelung  der  kultur 
Pflanzen  by  Reinstaat  und  Mischsaai.  Zeitschrift  fur  das 
handwirtschaf tliche  versuchwesen  in  Deutsch  Osterreich,  Vienna. 
14:102-103. 


152 


Keefer,  G.  D. , J.  E.  McAllister,  E.  S.  Uridge  and  B.  W.  Simpson.  1976. 
Time  of  planting  effects  on  development,  yield  and  oil  quality 
of  irrigated  sunflower.  Australian  J.  Exp.  Agri.  and  Animal 
Husb.  16(80) :417-442. 

./  Killinger,  G.  B.  and  E.  B.  Whitty.  1972.  Sunflower  production  in 

Florida.  Florida  Cooperative  Extension  Service.  Agronomy  Fact 
Sheet  No.  24:3  P. 

t Kinman , M.  L.  and  F.  R.  Earle.  1964.  Agronomic  performance  and  chem- 
ical composition  of  the  seed  of  sunflower  hybrids  and  introduced 
varieties.  Crop  Sci.  4:417  P. 

King,  F.  H.  1927.  Farmers  of  forty  centuries.  Jonathan  Cape,  Thirty 
Bedford  Square,  London.  239  P. 

Klimov,  S.  V.,  I.  A.  Shul'gin  and  A.  A.  Nichiporovich.  1977.  On  the 
energentic  significance  of  leaf  orientation  in  sunflower.  Sun- 
flower Newsletter.  1(2): 18. 

Koli,  S.  E.  1975.  Pure  cropping  and  mixed  cropping  of  maize  and  ground- 
nuts in  Chana.  Chana  J.  Agric.  Sci.  8:23-30. 

Kramer,  N.  W.  and  W.  M.  Ross.  1970.  Cultivation  of  grain  sorghum  in 
the  United  States.  Jin  Sorghum  production  and  utilization.  The 
AVI  Publishing  Co.  Inc.,  Westport,  Connecticut.  P.167-199. 

Krantz,  B.  A.  and  S.  Singh.  1974.  Cropping  pattern  for  increasing 

and  stabilizing  agricultural  production  in  the  semi-arid-tropics. 

In  Proc.  of  the  farming  systems  workshop,  ICRISAT,  Hyderabad, 

India.  P.  217-248. 

Ft antz , B.  A. , S.  M.  Birmani,  S.  Singh  and  M.  R.  Rao.  1976.  Inter- 
cropping for  increased  and  more  stable  agricultural  production 
in  the  semi-arid  tropics.  A report  presented  at  the  symposium 
on  intercropping  in  the  semi-arid  areas  at  Morogoro,  Tanzania, 

May  11,  1976.  23  P. 

Kromer , G.  W.  1974  as  cited  by  J.  A.  Robertson  (1975).  Critical 
review  in  food  science  and  nutrition.  P.  201-240. 

Kung,  P.  1975.  Farm  crops  of  China  and  multiple  cropping.  World 
crops.  27 (5) : 228-236. 

Kurtz,  T. , S.  W.  Heist ad  and  R.  H.  Broy.  1952.  The  importance  of 
nitrogen  and  water  in  reducing  competition  between  intercrops 
and  corn.  Agron.  J.  44(1): 13-1 7. 

Lascu , i.  and  I.  Chiorescu.  1976.  Effect  of  some  agronomic  measures 
on  the  yield  of  sunflower  at  Popauti-Botosani,  Cercetari  Agro- 
nomice in  Moldova,  Romania.  9(2);75-80. 


153 


Leffel,  R.  C.  1961.  Planting  date  and  varietal  effects  on  agronomic 

and  seed  compositional  characters  in  soybeans.  Maryland  Agr.  Exp. 
Sta.  Bull.  A-117 . 72  P. 

Lehman,  W.  F. , F.  E.  Robinson,  P.  F.  Knowles  and  R.  A.  Flock.  1973. 
Sunflowers  in  the  desert  valley  areas  of  southern  California. 
Calif.  Agric.  27:12-14. 

Leocov,  M.  1977.  Effect  of  density  and  cultural  technique  on  yield 
and  quality  of  product  of  sunflower.  Fid.  Crop  Abstr.  30(77): 
01,473. 


Lewis,  W.  M.  and  J.  A.  Phillips.  1976.  Double  cropping  in  the  eastern 
United  States.  bn  Multiple  Cropping.  ASA  special  pub.  No.  27:41- 
50. 

Liboon,  S.  P.,  R.  R.  Harwood  and  H.  G.  Zandstra.  1976.  The  effect  of 
crop  damage  in  corn-peanut  intercropping-  a paper  presented  at  the 
7th  annual  scientific  meeting  of  the  Crop  Sci.  Soc.  of  the  Philip- 
pines. May  10-12,  1976.  13  P. 

Lingegouda,  B.  K.  1972.  Studies  on  mixed  cropping  of  groundnut  and 
hybrid  sorghum.  Indian  J.  Agron.  17  (1) : 27  — 29 . 

Litsinger,  J.  A.  and  K.  Moody.  1976.  Integrated  pest  management  in 
multiple  cropping  systems.  _In  Multiple  Cropping.  ASA  special 
pub.  No.  27:293-316. 

Longo,  G.  and  G.  Restuccia.  1975.  On  plant  density  of  sunflower 

(Helianthus  annuus  L.)  in  relation  to  application  of  phosphorus- 
nitrogen  fertilizer  and  irrigation.  Rivista  di  Agronomia, 
Universita  di  Catania,  Italy.  9(2/3) :187— 192. 

Lopez,  M.  de  L.  1972.  Effect  of  date  of  planting  and  the  row  spacing 
on  sunflower  crop  in  Andalucia  (southern  Spain).  5°  Conference 
internat ionale  sur  le  Tournesol,  25-29  Juillet  1972,  Clermont- 
Ferrand.  P.133-136. 

Luh,  C.  L.  1969.  Report  on  vegetable  production  survey  in  southeast 

Asian  countries.  Seminar  on  food  problems  in  Asia  and  the  Pacific, 
Honolulu,  May  1970.  P.  12-13. 

Lunan,  M.  1950.  Mound  cultivation  in  Ufipa,  Tanganyika.  East 
African  Agri.  J.  16:88-89. 

Magoon,  C.  A.  and  C.  W.  Culpepper.  1932  as  cited  by  C.  P.  Wilsie. 

1962.  The  temperature  factor,  jhi  Crop  adaptation  and  distri- 
bution. W.  H.  Freeman  and  Company,  San  Francisco.  P 178-221. 

Majid,  F.  Z. , M.  Atharuddln,  Q.  N.  Rahman  and  R.  Ali.  1976.  Sunflower 
as  oilseed  crop  in  Bangladesh.  VI.  Effect  of  date  of  sowing  on 
sunflower  varieties  HO,  and  H-67-6  and  effect  of  row  spacing  on 
H-67-6.  Bangladesh  J.  Sci.  and  Industrial  Res.  11  (1/4)  : 162-167 . 


154 


Major,  D.  J. , D.  R.  Johnson  and  V.  D.  Luedders.  1975a.  Evaluation 

of  eleven  thermal  unit  methods  for  predicting  soybean  development. 
Crop  Sci.  15:172-174. 

Major,  D.  J.,  D.  R.  Johnson,  J.  W.  Tanner  and  I.  C.  Anderson.  1975b. 
Effects  of  daylength  and  temperature  on  soybean  development. 

Crop  Sci.  15:174-179. 

Mane,  S.  S.,  D.  G.  Ramshe  and  D.  R.  Bapat . 1977.  Plant  density 

studies  of  new  sorghum  entries.  Sorghum  Newsletter.  20:52-53. 

Mann,  H.  H.  and  T.  W.  Barnes.  1953.  The  mutual  effect  of  ryegrass 
and  clover  when  grown  together.  Ann.  Appl.  Biol.  40:566-572. 

Martin,  J.  H.  1970.  History  and  classification  of  sorghum.  lui 

Sorghum  production  and  utilization.  The  AVI  Publishing  CoT  Inc., 
Westport,  Connecticut.  P.1-27. 

Martin,  J.  H.  and  W.  H.  Leonard.  1967a.  Soybeans.  In  Principles  of 
field  crop  production.  The  Macmillan  Co.,  London,  P.643-662. 

Martin,  J.  H.  and  W.  H.  Leonard.  1967b.  Sorghums.  In  Principles  of 
field  crop  production.  The  Macmillan  Co.,  London,  p.346-375. 

Massey,  J.  H.  1971.  Effects  of  nitrogen  rates  and  plant  spacing 

on  sunflower  seed  yields  and  other  characteristics.  Agron.  J. 
63:137-138. 

Mauco,  J.  T.  1977.  Relay  intercropping  of  peanut,  pigeonpea  and  soy- 
bean in  corn.  Master  degree  thesis.  Agronomy  department,  Univ. 
of  Florida.  60  P. 

Maunder,  A.  B.  lD/2.  Objectives  and  approaches  to  grain  and  forage 
sorghum  improvement  in  the  Americas.  In  Sorghum  in  Seventies. 

Oxford  and  IBH  Publishing  Co.  New  Delhi.  P.  60-100. 

Miller,  R.  S.  1969.  Competition  of  species  diversity.  Iii  Diversity 

and  stability  in  ecological  systems.  Brookhaven National  Laboratory, 
Upton,  New  York.  P. 63-/0. 

Montgomery,  E.  G.  1911.  Correlation  studies  of  corn.  Nebr.  Agr. 

Exp.  Sta.  Ann.  Rep.  24:108-159. 

Moomaw,  J.  C.  and  D.  D.  Hedley.  1971.  Farming  systems  in  the  humid 
tropics.  A research  proposal.  FAO  conference  on  the  establish- 
ment of  cooperative  agricultural  research  programs  between  countries 
with  similar  ecological  conditions.  IITA,  Ibadan,  Nigeria.  Aug. 
23-28.  23  P. 

Mulvaney,  D.  L. , L.  V.  Boone  and  D.  E.  Harshbarger.  1973.  Northeastern 
Illinois  Agronomy  research  center-  report  of  research  results. 
AG-1999,  1973.  Iri  Soybean  production,  marketing  and  use,  Tennessee 
Valley  Authority,  Muscle  Shoals,  Alabama.  1974.  P.21-27. 


Murty,  K..  N.  and  S.  R.  V.  Reddy.  1977.  Intercropping  studies  in 
sorghum  (rainf ed) . Sorghum  Newsletter.  Vol.  20:13. 


155 


Narang,  S.  D. , N.  J.  Kowl  and  G.  S.  Gill.  1969.  Intercropping  of 
rualze  with  soybean.  Indian  Farming.  19(6)  :21. 

Nayasaland  Protectorate.  Department  of  Agriculture.  1948.  Ann. 

Rep.  for  the  year  1948.  II.  Experimental  work.  Zomba.  15  P. 

Nigeria.  Department  of  Agriculture.  1955.  Ann.  Rep.  of  the  year 
1950-1951.  Lagos.  123  P. 

Norman,  D.  W.  1970.  Traditional  agriculture  systems  and  their 

Improvement.  A paper  presented  in  a seminar  at  west  African 
Univ.  of  Ibadan,  Nigeria.  Nov.  12-16.  16  P. 

Norman,  D.  W.  1975.  Rationalizing  mixed  cropping  under  indegenous 
conditions.  The  example  of  northern  Nigeria.  Samaru  Research 
Bulletin  232.  Institute  for  agricultural  research,  Samaru, 
Nigeria.  P.  107-116. 

Odum,  E.  P.  1969.  The  strategy  of  ecosystem  development.  Science. 
164:262-270. 

Orgen,  W.  L.  1978.  From  my  view.  Soybean  News.  National  Soybean 
Crop  Improvement  Council,  Urbana,  Illinois.  Vol.  29 (2) : 3 . 

Osiru,  D.  S.  0.  and  R.  W.  Willey.  1972.  Studies  on  mixtures  of 
dwarf  sorghum  and  beans  (Phaseolus  vulgaris)  with  particular 
referen  e to  plant  population.  J.  Agric.  Sci.  Camb.  79:531- 
540. 

Osier,  R.  D.  and  J.  L.  Cartter.  1954.  Effects  of  planting  dates  on 
chemical  composition  and  growth  characteristics  of  soybeans. 
Agron.  J.  46:267-269. 

Owens,  H.  L.  1974.  Double  cropping  with  soybeans.  Will  it  pay  on 
your  farm?  Program  AID  No.  1080.  Extension  Service,  USDA. 

Pacucci,  G.  and  F.  Martignano.  1975.  Effect  of  sowing  density  on 
yield  and  some  bioagronomic  characteristics  of  tall  and  dwarf 
sunflower  cultivars.  Rivista  di  Agronomia,  Universita  di  Bari, 
Italy.  9(2/3) : 180-186. 

Pal,  M.  and  S.  K.  Kaushik.  1969.  A note  on  ratooning  of  sorghum  in 
northern  India.  Indian  J.  Agron.  14 (4) : 296-298 . 

Palada , M.  C.  and  R.  R.  Harwood.  1974.  The  relative  return  of  corn- 
rice  intercropping  and  monoculture  to  nitrogen  application. 

Proc.  Crop  Sci.  Sue.  of  Philippines.  15:4. 


156 


Park,  J.  K.  and  B.  K.  Webb.  1959.  Soybean  harvesting  losses  in 

South  Carolina.  S.  C.  Agric.  Exp.  Sta.  , Clemson  Agric.  College 
Circular  No.  123.  8 P. 

Peele,  T.  C. , B.  T.  Cossel  and  J.  S.  Evans.  1974.  Minimum  tillage 
studies  with  soybeans  and  corn  on  Piedmont  soils.  Agron.  and 
soils  Res.  Series  No.  92.  South  Carolina  Agric.  Exp.  Sta., 

Clemson  University,  S.  C. 

Pendleton,  J.  W. , C.  D.  Bolen  and  R.  D.  Seif.  1963.  Alternating 

strips  of  corn  and  soybeans  vs.  solid  plantings.  Agron.  J.  55(3): 
292-295. 

Pendleton,  J.  W.  and  E.  E.  Hartwig.  1976.  Soybean  management.  In 

Soybeans:  Improvement,  production  and  uses.  ASA  Pub.  P.  211-237. 

Peters,  L.  N. , C.  0.  Quaiset  and  F.  F.  Bell.  1971.  Soybean  varieties 
for  double  cropping.  Tenn.  Farm  Home  Sci.  Prog.  Rep.  18:12-17. 

Pinchinat,  A.  M. , J.  Soria  and  R.  Bazan.  1976.  Multiple  cropping  in 
tropical  America.  JEn  Multiple  cropping.  ASA  special  Pub.  No. 
27:51-62. 


Pond,  G.  A.  1950.  Soybeans  in  the  Minnesota  cropping  system.  Soybean 
Dig.  10(6) : 22-23 , 30. 

Prabhakar , A.  S.,  Y.  H.  ladahalli  and  S.  S.  Mali.  1972.  Performance 
of  hybrid  sorghum  (CSH-2)  under  different  intra-row  spacings. 
Sorghum  Newsletter.  15:49-51. 

1 r i ne , G.  M.  1969.  Grain  yields  of  corn  and  grain  sorghum  under 

different  plant  populations  and  row  spacings.  Soil  and  Crop  Sci. 
Soc.  Fla.  Proc.  29:181-189. 

Prine,  G.  M.  and  V.  N.  Schroder.  1964.  Above-soil  environment  limits 
yields  of  semiprolific  corn  as  plant  population  increases.  Crop 
Sci.  4:361-362. 

Prine,  G.  M. , T.  G.  Guilarte  and  W.  G.  Duncan.  1975.  Corn  maturity 
dates  for  different  Florida  locations  and  planting  dates  based 
on  growing  degree  days.  Soil  and  Crop  Sci.  Soc.  Fla.  Proc.  34: 
134-137. 

Rachie,  K.  0.  1970.  Sorghum  in  Asia.  Jin  Sorghum  production  and 

utilization.  The  AVI  Publishing  Co.  Inc.,  Westport,  Connecticut. 

P.  328-381. 

kaghunatha,  G.  1977.  Differential  performance  of  dwarf  and  tall 

sorghum  hybrids  under  different  populations  and  stand  geometries. 
Mysore  J.  Agric.  Sci.  11:36-41. 


157 


Randhawa,  K.  S.  1976.  Intercropping  in  sugarcane  pays.  Indian 
Farming.  26(2) :7-9. 

Rao,  V.  R.  , M.  Ramachandram  and  M.  S.  R.  M.  Rao . 1976a.  Plant  density 

and  geometry  in  relation  to  varietal  differences  and  seasonal 
variations  in  rainfall  for  increasing  and  stabilizing  production 
levels  of  winter  sorghum  in  drylands.  Indian  J.  Agric.  Sci.  46(12) 
599-566. 

Rao,  A.  M. , Y.  Yogeswara  Rao  and  G.  H.  S.  Reddi.  1976b.  Investigations 
on  the  optimum  spacing  and  time  of  nitrogen  application  for  sun- 
flower. Indian  J.  Agri.  Res.  10(2) :97-100. 

Reddi,  M.  R.  and  K.  S.  Reddy,  1976a.  Studies  on  inter-row  spacing  for 
sorghum.  Sorghum  Newsletter.  19:21. 

Reddi,  M.  R.  and  K.  S.  Reddy.  1976b.  Studies  on  intercropping  in  rain- 
fed  sorghum.  Sorghum  Newsletter.  19:25. 

Reddy,  S.  R.  V.  , and  f M.  Murty.  1977.  Plant  density  studies. 

Sorghum  Newsletter.  20:16. 

Rezende,  A.  M.  1978.  Plant  population,  row  width  and  late  planting 
date  effects  on  four  soybean  c.ultivars.  Master  degree  thesis, 
Department  of  Agronomy,  Univ.  of  Florida.  70  P. 

Robertson,  J.  T.  1975.  Use  of  sunflower  seed  in  food  products. 

Critical  reviews  in  food  science  and  nutrition.  P.201-240. 

Robinson,  R.  C. , j).  L.  Rabas,  L.  J.  Smith,  D.  D.  Warnes , J.  H.  Ford 
and  W.  E.  Lueschen.  1976.  Sunflower  production,  row  width 
and  row  direction.  Miscellaneous  report  141,  Univ.  of  Minnesota. 

23  P. 

Robinson,  R.  C.,  L.  A.  Bernat,  W.  W.  Nelson,  R.  L.  Thompson  and  J.  R. 

I hompson.  1964.  Row  spacing  and  plant  population  for  grain 
sorghum  in  the  humid  north.  Agron.  J.  56:389-191. 

Rogers,  R.  1. , D.  L.  Thurlow  and  G.  A.  Buchman.  1971.  Cropping 

systems  and  other  cultural  practices.  Soybean  production-recent 
research  findings.  Agric.  Exp.  Sta.,  Auburn  Univ.  Bull.  413:31- 
38. 


Ross,  R.  1977.  'Practical'  soybean  yields  may  increase  net  profits. 
Irrigation  Age,  Webb  Pub.  11(7) : 4 2-43 . 

Rubin,  S.  S.  , 0.  P.  Danilev  * sk.il , 0.  0.  Zyets,  N.  I.  Kirik  and  M.  1. 
Slipen'kil.  1975.  Methods  of  determining  the  leaf  area  of  sun- 
flowers. PI.  Br.  Abstr.  46 (76) : 12 , 11365 . 


158 


Ruthenberg,  H.  1971.  Farming  systems  in  the  tropics.  Clarendon 
Press,  Oxford.  313  P.  (1st  Ed.) 

Ruthenberg,  H.  1976.  Farming  systems  in  the  tropics.  Oxford  Univer- 
sity Press,  London.  336  P.  (2nd  Ed.) 

Sanchez,  P.  A.  1976.  Multiple  cropping:  An  appraisal  of  present 

knowledge  and  future  needs.  In  Multiple  Cropping.  ASA  special 
Pub.  No.  27:373-378. 

Sarma,  V.  S. , P.  V.  Kulkarni,  R.  V.  Palit  and  L.  R.  House.  1970. 

Notes  on  ratooning  and  double  cropping  experiments  with  sorghum 
and  maize  hybrids  under  dry  farming  conditions.  Indian  J.  Agron. 
15(1) : 80-81. 

Saxena,  M.  C.  and  L S.  Yadav.  1975.  Some  agronomic  considerations 
° f pigeonpeas and  chickpeas.  In  International  workshop  on  grain 
legumes.  ICRISAT,  India.  P.31-61. 

Schmid,  A.  R. , A.  C.  Caldwell  and  R.  A.  Briggs.  1959.  Effect  of 

various  meadow  crops,  soybeans,  and  grain  on  crops  which  follow. 
Agron.  J.  51:160-162. 

Sheaf fer,  C.  C. , J.  H.  McNemar  and  N.  A.  Clark.  1977.  Potential  of 
sunflowers  for  silage  in  double  cropping  systems  following  small 
grains.  Agron.  J.  69 (4) : 543-546 . 

Shia,  F.  Y.  and  T.  P.  Pao.  1965.  On  the  yield  of  sugarcane  interplanted 
with  different  varieties  of  sweet  potato.  Field  Crop  Abstr. 

18:306. 

Shibles,  R.  M.  and  C.  R.  Weber.  1965.  Leaf  area,  solar  radiation, 
interception  and  dry  matter  production  by  soybeans.  Crop  Sci 
5:575-577. 

Sierra  Leone.  1955.  Department  of  Agriculture  report  for  the  year 
1953.  Freetown.  36  P.  (Field  Crop  Abstr.,  1956,  9:296). 

Singh,  B. , J.  N.  Sachan  and  D.  Singh.  1977.  Variability  and  corre- 
lations in  sunflower  (Hel ianthus  annuus  L.).  Pantnagar  J.  of 
Res.,  U.  P.,  India.  2(l):27-30. 

Singh,  M. , B.  A.  Rrantz  and  G.  B.  Baird.  1972.  Agronomic  production 
techniques  in  sorghum,  jin  Sorghum  in  Seventies.  Oxford  and  IBH 
Publishing  Co.,  New  Delhi.  P.  302-333. 

Spencer,  F.  M.  and  I.  Russell.  1959.  Intercropping.  Field  Crop 
Abstr.  12:1584. 


159 


Srinivas,  K.  and  S.  V.  Palit.  1977.  Effect  of  spacing  and  fertility 
levels  on  growth  and  yield  of  sunflower  (Helianthus  annuus  L.) 

Mysore  J.  Agri.  Sci.  11:41-45. 

Stickler,  F.  C.  and  A.  W.  Pauli.  1961.  Leaf  removal  in  grain  sorghum. 

I.  Effect  of  certain  defoliation  treatments  on  yield  and  components 
of  yield.  Agron.  J.  53:99-102. 

Stickler,  F.  C.  and  M.  A.  Younis.  1966.  Plant  height  as  a factor 
affecting  responses  of  sorghum  to  row  width  and  stand  density. 

Agron.  J.  58:371-373. 

Stickler,  F.  C.  and  S.  Wearden.  1965.  Yield  and  yield  components  of 
grain  sorghum  as  affected  by  row  width  and  stand  density.  Agron. 

J.  57:564-567. 

Stoyanova,  I.,  M.  Petrova,  B.  Simeonova,  P.  I.  Ivanov  and  I.  Dimitrov. 
1975.  Effect  of  some  factors  on  contents  of  oil  and  proteins  in 
sunflower  seeds.  Institut  po  Pshenitsata  i SI ' nchogleda , Toshevo, 
Bulgaria.  Rasteniev  ' dni  Nauki.  12(9) : 25—29 . (Field  Crop  Abstr. 

1 (1) : 11 . 

Streeter,  C.  P.  1972  Mu.1tipK  cropping:  Hope  for  hungry  Asia. 

Reader's  Dig.,  October  1972.  P.  217-220. 

Streeter,  J.  G. , J.  B.  Schou  and  D.  L.  Jeffer.  1975.  Is  light  the 

key?  Probing  reproductive  potential  of  soybeans.  Ohio  Rep.  Res. 
Develop.  60(5):75-77. 

Sung,  C.  H.  and  I.  K.  Wu.  1966.  Effect  of  interplanting  tobacco  in 
rice.  Iri  Taiwan  Tobacco  and  Wine  Monopoly  Bureau  Research  Inst. 

1966  report.  P.  45-50.  (Field  Crop  Abstr.,  1968,  21:190). 

Tao,  L.  1975.  Studies  on  the  difference  in  amount  of  transpiration 

between  interplanting  corns  and  single-planting  soybeans.  Taiwan 
Agric.  11(2) : 98—99 . 

Tarhalker,  P.  P.  and  N.  G.  P.  Rao.  1975.  Changing  concepts  and 
practices  of  cropping  systems.  Indian  Farming.  25(3) :3-7. 

Thurlow,  D.  L.  1971a.  Varieties  and  dates  of  planting.  In  Soybean 
production-recent  research  findings.  Auburn  Univ.  Agric.  Exp. 

Sta.  Bull.  No.  413:17-27. 

Thurlow,  D.  L.  1971b.  Row  spacing.  In  soybean  production-recent 
research  findings.  Auburn  Univ.  Agric.  Exp.  Sta.  Bull.  No. 
413:28-30. 

Trenbath,  B.  R.  1976.  Plant  interaction  in  mixed  crop  communities. 

In  Multiple  Cropping.  ASA  special  pub.  No.  27.  ?. 129-170. 


160 


Tsvetkova,  F.  1977.  Effect  of  leaf  number  and  area  on  yield  and 
quality  of  sunflower.  Field  Crop  Abstr.  30 (77 ) : 1 , 483 . 

Urnrani,  N.  K.  and  P.  G.  Bhoi.  1977.  Root  development  in  relation  to 
Interrow  spacing  and  sorghum.  Sorghum  Newsletter.  20:49. 

Upadhyay,  U.  C.  and  L.  Sreenivas.  1976.  Effect  of  various  inter  and 
intra  row  spacings  on  the  yield  of  sorghum.  Sorghum  Newsletter 
19:60-61. 


Varghese,  P.  T. , N.  Sadanandan  and  R.  Vikraman  Nair.  1976.  A study 
on  leaf  area  index  and  net  assimilation  rate  of  sunflower 
(Helianthus  annuus  L. ) variety  Peredovik  as  affected  by  graded 
doses  of  nitrogen  and  phosphorus.  Agri.  Res.  J.  Kerala,  India. 
14(1) : 53-57 . 

Varma,  M.  P.  and  S.  R.  Kanke.  1969.  Selection  of  intercrops  for 
cotton  in  India.  Exp.  Agric.  5:223-230. 

Varnell,  R.  J.,  H.  Mwandemere,  W.  K.  Robertson  and  K.  J.  Boote. 

1976.  Peanut  yields  affected  by  soil  water,  no-till  and 
gypsum.  Soil  and  Crop  Sci.  Soc.  Fla.  Proc.  35:56-58. 

Vergoessen,  A.  J.  1970.  The  relationship  between  dietary  fat  and 
the  prevention  of  atherosc.hl  erosis . Proc.  4th  Int.  Sunflower 
Conf.,  Memphis,  Tennessee,  June,  1970.  P.219. 

Vicherkova,  M.  and  L.  Souckova.  1976.  Changes  in  growth  analysis 
values  in  the  wheat  and  sunflower  plant  stands  of  different 
density.  Scripts  Fac.  Sci.  Nat.  UJEP  Brunensis,  Biologia  2-3, 
6:69-82. 

Vijayalakshmi,  K. , N.  K.  Sanghi,  W.  L.  Pelton  and  C.  H.  Anderson. 
1975.  Effect  of  plant  populations  and  row  spacings  on  sun- 
flower agronomy.  Can.  J.  Plant  Sci.  55:491-499. 

Wassink,  E.  C,  and  M.  E.  Van  Den  Noort . 1976.  Note  on  the  leaf 

area  index  in  a solitary  plant.  Meded.  Landbouwhogeschool 
Wag ening en/Nether lands.  76-13 :8P. 

Weber,  C.  R.  and  B.  R.  Moorthy.  1952.  Heritable  and  non— heritable 
relationships  and  variability  of  oil  content  and  agronomic 
characters  in  F2  generation  of  soybean  crosses.  Agron.  J. 
44:202-209. 

Weber,  C.  R.  and  W.  R.  Fehr.  1966.  Seed  yield  losses  from  lodging 
and  combine  harvesting  in  soybeans.  Agron.  J.  58:287-289. 


161 


Wharton,  C.  R.  Jr.  1977.  Ecology  and  agricultural  development: 
Striking  a human  balance.  In  Agronomists  and  food:  Contri- 

butions and  challenges.  ASA  special  pub.  No.  30:1-3. 

Whigham,  D.  K.  1975.  Soybean  variety  evaluation.  Jjl  Soybean  pro- 
duction, protection  and  utilization.  Univ.  of  Illinois. 

INTSOY  series  No.  6.  P.  18-25. 

Whitty,  E.  B.,  B.  A Bailey  and  V.  E.  Green,  Jr.  1978.  Sunflower 
production  in  llorida.  Agronomy  facts.  Florida  Co-operative 
Extension  Service,  IFAS,  Univ.  of  Florida.  No.  74:4  P. 

Willey,  R.  W.  and  D.  S.  0.  Osiru.  1973.  Studies  on  mixtures  of 

maize  and  beans  (Phasiolus  vulgaris)  with  particular  reference 
to  plant  populations.  J.  of  Agri.  Sci.  Camb . 79 (3) :517-529 . 

Williams,  C.  N.  and  K.  T.  Joseph.  1970.  Climate,  soil  and  crop 

production  in  the  humid  tropics.  Oxford  Univ.  Press.,  Singapore. 
177  P. 

Yeager,  J.  H. , C.  A.  Rollo,  L.  E.  Ensminger , W.  C.  Johnson,  G.  A. 
Buckman,  J.  A.  Lyle,  E.  J.  Cairns  and  M.  H.  Bass.  1967.  Re- 
search for  soybean  producers.  Agric.  Exp.  Sta.,  Auburn  Univ. 
Bull.  373 :39P . 

Zubriski,  J.  C.  and  D.  C.  Zimmerman.  1974.  Effect  of  nitrogen, 

phosphorus  and  plant  density  on  sunflower.  Agron.  J.  66:798- 
801. 


BIOGRAPHICAL  SKETCH 


The  author,  Md.  Abdul  Muttalib  Akhanda,  was  born  on  June  15,  1937, 
in  Betbari  village  of  Mymensingh  district  in  Bangladesh.  He  received 
primary  education  from  Katagila  Primary  School  and  graduated  from 
Assim  High  School  in  1952  with  distinction  in  mathematics.  He  studied 
two  years  at  Sa-adat  College,  Korotia,  Tangail  district  and  obtained 
a diploma  in  Intermediate  Science  (I.  Sc.)  in  1955. 

In  1959,  he  received  Bachelor  of  Agriculture  in  Agronomy  (B.  Ag.) 
degree  from  Dacca  Agricultural  College  and  Master  of  Agriculture 
(M.  Ag.)  degree  from  Dacca  University  in  1960.  From  1961  to  1964, 
he  served  as  a Lecturer  in  Agronomy  at  the  Agricultural  College, 

Dacca.  From  July  1964  to  December  1966  he  took  training  in  Rice 
Agronomy  at  the  International  Rice  Research  Institute  (IRRI)  in  the 
Philippines  with  a Ford  Foundation  Scholarship.  During  his  tenure  at 
IRRI  he  received  the  M.  S.  in  Agronomy  degree  from  the  College  of 
Agriculture,  University  of  the  Philippines  in  1966. 

On  return  from  the  IRRI,  he  joined  the  Bangladesh  Academy  for 
Rural  Development,  Kotbari,  Comilla,  as  the  Agronomist  and  worked 
until  August  1974.  During  this  period  of  service,  he  made  a number 
of  publications  on  agricultural  practices  and  problems  on  various 
crops,  visited  Japan  to  study  agricultural  cooperatives  in  .1969,  pre- 
sented a paper  and  participated  in  a month  and  a half  long  study 


162 


163 


seminar  organized  by  the  Institute  of  Development  Studies  of  the 
University  of  Sussex,  London  at  Kandy,  Sri-Lanka  in  1973.  He  is  a co- 
author of  two  books:  1 Krishi-O-Mrittika  Bignan,"  an  agricultural 

textbook  for  high  schools  and  "Krishiprodorshika , " a guidebook  on 
agriculture  for  primary  school  teachers,  published  by  the  Ministry  of 
Education  of  Bangladesh. 

In  September  1974,  he  entered  the  Graduate  School  of  the 
University  of  1 lorida  with  a Ford  Foundation  Graduate  fellowship  for 
the  degree  of  Doctor  of  Philosophy  in  Agronomy  with  major  interest 
in  tropical  multiple  cropping. 

Mr.  Akhanda  is  a member  of  the  Honor  Society  of  Agriculture, 

Gamma  Sigma  Delta.  He  is  happily  married  to  Jahanara  Begum  (Minu) , 
and  they  have  a daughter,  Flora,  and  two  sons,  Philip  and  Tushar. 


I certify  that  I have  read  this  study  and  that  in  my  opinion 
it  conforms  to  acceptable  standards  of  scholarly  presentation  and 
is  fully  adequate,  in  scope  and  quality,  as  a dissertation  for  the 
degree  of  Doctor  of  Philosophy. 


Victor  E.  Green,  Jr.,  Chairman 
Professor  of  Agronomy 


I certify  that  I have  read  this  study  and  that  in  my  opinion 
it  conforms  to  acceptable  standards  of  scholarly  presentation  and 
is  fully  adequate,  in  scope  and  qualtiy,  as  a dissertation  for  the 
degree  of  Doctor  of  Philosophy. 


Gordon  M.  Prine 
Professor  of  Agronomy 


I certify  that  I have  read  this  study  and  that  in  my  opinion 
it  conforms  to  acceptable  standards  of  scholarly  presentation  and 
is  fully  adequate,  in  scope  and  quality,  as  a dissertation  for  the 
degree  of  Doctor  of  Philosophy. 


Elmo  B.  Whitty 
Professor  of  Agronomy 


I certify  that  I have  read  this  study  and  that  in  my  opinion 
it  conforms  to  acceptable  standards  of  scholarly  presentation  and 
is  fully  adequate,  in  scope  and  quality,  as  a dissertation  for  the 
degree  of  Doctor  of  Philosophy. 


Vincent  N.  Schroder 
Associate  Professor  of  Agronomy 


I certify  that  I have  read  this  study  and  that  in  my  opinion 
it  conforms  to  acceptable  standards  of  scholarly  presentation  and 
is  fully  adequate,  in  scope  and  quality,  as  a dissertation  for  the 
degree  of  Doctor  of  Philosophy. 


This  dissertation  was  submitted  to  the  Graduate  Faculty  of  the 
College  of  Agriculture  and  to  the  Graduate  Council,  and  was  accepted 
as  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor 
of  Philosophy. 

June  1978 


Carl  E.  Beeman 

Associate  Professor  of  Agriculture 


Extension  Education 


(/ 


Dean,  Graduate  School 


